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ABSTRACT  
 Improving agricultural productivity has been an important area of research to assure that 
the needs of a growing population do not outstrip the ability for producers to supply food.  This 
growth in demand will mostly come from developing countries.  The tension between producing 
more food and reducing the impact on the world’s natural resources reflects a significant 
challenge for global agribusiness in general, and specifically in the new agricultural growth 
regions in the tropics.  Therefore the primary objective of this research is to better understand 
and examine the production economics of the tropical soybean-maize succession cropping, 
which have not received much attention by researchers, and thus are not well understood.  This 
paper measures changes in agricultural total factor productivity (TFP) from the succession 
cropping system of soybean and maize in Mato Grosso, Brazil from 2005 to 2012 using farm 
level data.  The second objective of this research is to analyze the input and output factors 
driving total factor productivity.  Total factor productivity takes into consideration all of 
agricultural inputs (land, labor, fertilizer, seed, pesticide, diesel, and machinery) used in the 
production of soybean and second maize (safrinha) crops and compares them with the total 
amount of agricultural output.  A Tornqvist index is created to minimize biases that may result 
from relative price changes in input and output cost shares.  The results indicate that the 
agricultural TFP of the soybean-maize succession cropping system increased 6% from 2007-
2012.    
Key words: Total Factor Productivity, Tornqvist Index, Farm level data, Output, Input, 
Soybean, Maize, Safrinha, Succession Cropping, Mato Grosso.    
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Chapter 1. Introduction 
1. Motivations 
The Food and Agricultural Organization of the United Nations (FAO) predicts that the 
world food demand will increase by 70% by 2050, requiring about 200 million added hectares, 
which is about the total harvesting area in the United States and Canada.  This increase mostly 
comes from developing countries.  As per capita income increases consumption worldwide, there 
will be a shift in consumption patterns from grains to meat, especially to pork and poultry, who’s 
productions also consume grains (Goldsmith 2008; Lang and Barling 2012).  This will accelerate 
even more the food demand from world population growth.  Rising competition for land, water, 
and energy will affect the world’s ability to produce food, as will the imperative to reduce the 
impact of the food system on the environment (Lobell et al. 2008; Godfray et al. 2010).  
 The tension between producing more food and reducing the impact on the world’s natural 
resources reflects a significant challenge for global agribusiness in general, and Brazil in 
particular.  The sector is being asked to provide more food, yet needs to more effectively steward 
natural resources.  There is a vitally important research debate about agricultural intensification 
and its effects on land sparing (Angelsen and Kaimowitz 2001; Lee et al. 2001; Pagiola and 
Holden 2001; Rudel et al. 2009; Gardner et al. 2013; Baker et al. 2013).  Agricultural 
intensification is a set of land-use change patterns with the common report of increased use of 
the same resources for agricultural production, typically as a result of a change from occasional 
to continuous cultivation of the same area of land.  Related trends are specialization in crop or 
livestock species used, increased management involvement and more dependence on markets 
(Giller et al. 1997).  This is the classic economists’ dream of, “farmers being so productive that 
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all the world’s food could be produced on a postage stamp.”   Doing so would free up land for 
preservation or alternative uses.  This research does not directly address this debate, but 
contributes to the debate by measuring the level of productivity improvements when tropical 
farmers intensify production.  A powerful outcome from this research is that tropical producers 
are more intensive users of resources than temperate region farmers.  This finding raises a 
powerful question, which is not addressed here, within the intensification-land sparing debate: 
where is agricultural intensification best conducted, in temperate regions by moderately 
productive farming systems or in tropical regions by the most productive farming systems?     
The developed countries of the world have mature agribusiness sectors that will only 
marginally contribute to rising demand.  The lower latitude regions, where research and 
development has lagged, are critical for the globe’s future food supply-demand balance. But 
importantly, these regions hold important environmental resources such as biodiversity and 
native biomes.  Also, tropical soils are acidic, high in aluminum, poor at holding water resources, 
devoid of organic matter, and are highly erodible.  At issue is how the high-growth Brazilian 
agricultural sector can simultaneously produce more output, while efficiently steward natural 
resources.   
Farmers in the low latitude regions of Brazil have recently embarked on a revolutionary 
new technology called soybean-maize succession (safrinha) cropping system.  In this paper 
safrinha and succession cropping are used interchangeably.  “Safrinha” literally translates into 
English as the “little crop.”  The little crop is really a second maize crop, following soybeans.  
This little crop, which did not exist before 2000, has been growing at 26% per year since 2005, 
and now exceeds 15 mmt, is already about half of Illinois’ maize production (Montesdeoca and 
Goldsmith, 2013).  Starch output per hectare is 5.20 mt, protein 1.61 mt/ha, and oil 0.87 mt/ha 
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when maize follows soybeans in the safrinha system; with little change in inputs over producing 
just a soybean crop.  The low latitude regions of the world could potentially deliver a huge 
increase in grain supplies through succession cropping systems that are unavailable to sub-
tropical and temperate farmers. 	  
2. Research Question 
Tropical succession cropping produces two crops from one piece of land annually, and 
expands the use of agricultural depreciable capital, such as rolling equipment and buildings and 
storage, and more fully employs human capital.  Thus it appears that the safrinha model may 
alter the historical factor productivity equation based on temperate agricultural systems.  The 
factor productivity of land, energy, labor, chemical inputs, and capital appear to improve when 
the output is measured in components (oil, protein, and starch) and gross revenue (total output).  
Greater production efficiency utilizing this technology will make lower latitude (tropical) 
farmers significantly more productive, thus reducing potentially poverty and malnutrition.  The 
implications of this very Brazilian technology go far beyond Brazil and have implications for the 
global food system.  This research posits that factor productivity in general and more importantly 
the factor productivity of environmentally important inputs, such as land, fertilizer, and pesticide, 
may significantly improve under tropical grain systems compared with temperate systems. 
Therefore the primary objective of this article is to examine the production economics of the 
succession cropping system employed in Mato Grosso.  This paper measures changes in 
agricultural total factor productivity (TFP) that result from the succession cropping system from 
2007 to 2012.  The second objective of this research is to analyze the input and output factors 
driving total factor productivity.  The economics of the safrinha model, the subject of this 
research, are not well understood.  A Tornqvist index is created to minimize biases that may 
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result from relative price changes in input and output cost shares.  No research is underway that I 
am aware.  The lack of research is due to the newness of the technology and the lack of high 
quality data.  This problem was solved by working with the leading farm organization in low-
latitude Brazil, Aprosoja, to build the necessary and unique dataset to conduct this analysis.  
This work will estimate the nature of tropical intensification by specifically estimating: 
1) Input factor productivity parameters for; land, labor, fertilizer, seed, pesticide, diesel, and 
machinery, within soybean, maize, and succession cropping (safrinha) systems. 
2) Total factor productivity for soybean only, maize only, and soybean-maize succession 
cropping systems. 
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Chapter 2.  Literature Review 
1. Land Intensification 
Before the early nineteenth century the human population was not yet at one billion. 
After more than 100 years it reached two billion.  Afterwards, the intervals between billions 
became smaller: adding the third billion in 33 years, the fourth in 14 years, the fifth in 13 years, 
and the sixth and seventh in 12 years each (Reading 2011; Molden 2007).  By the year 2050 the 
human population is expected to reach 9 billion, which will increase world food demand by 70%, 
using more of Earth’s natural resources (FAO).  Around three billion people continue to move up 
the food chain as per capita income increases consumption worldwide there will be a shift in 
consumption for more grain-intensive foods such as meat, milk, and eggs (Brown 2005; Brown 
2011).  In addition, maize is now being used to produce ethanol fuel for automobiles.  In 2011, 
25% of the land used for maize in the U.S. went to ethanol production (Mumm et al. 2014).   
 This global increase in demand for grains will increase competition for land, water, and 
energy, and affect the world’s ability to produce food, as will the necessity to reduce the impact 
of the food system on the environment (Lobell et al. 2008; Godfray et al. 2010; Molden 2007); 
Godfray et al. 2010).  Structuring agricultural production to meet human demands for food while 
preserving ecosystem functions and reducing environmental impacts are one of humanity’s great 
challenges (Robertson and Swinton 2005).  Meeting this challenge needs a better understanding 
of the environmental impacts of cropland expansion and intensification in the tropics, the 
vulnerability or resilience of the tropical landscapes where croplands are expanding, and how 
environmental costs can be predicted from environmental factors such as soils and climate (Neill 
et al. 2013).  Therefore, the increasing demand for food can only be met by increasing yields on 
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current cropland (intensification) or by expanding the area under cultivation (extensification) 
(Pagiola and Holden 2001).   
Extensive agricultural growth and intensification both pose environmental risks.  
Agriculture is already the human activity that affects the greatest amount of the earth’s surface 
and is the single largest user of fresh water (Matson 1997; Pagiola and Holden 2001; Robertson 
and Swinton 2005; Mahr 2011; FAO 2012).  A growth in agricultural land use is considered to 
be a major contributor of loss of habitat and reduction in biodiversity.  In Latin America, the 
expansion of the agricultural land area has been an important contributor to the growth of 
agricultural output.  The growth rate of the conversion of land to agricultural use has been 
declining, at the same time yields have been increasing (Carr, Bilborrow and Barbieri 2003).  
The greater productivity of land is due to higher levels of input utilization, such as higher levels 
of fertilizers, pesticides, mechanization, and technology per hectare.  Intensive agricultural is 
often associated with an increase delivery of nitrogen (N) and phosphorus (P) to surface waters 
and the development of eutrophic conditions (Neill et al. 2013).  Agricultural intensification 
while raising output per hectare and the productivity of land, labor, and physical capital, can 
have negative local, regional, and global consequences, such as increased erosion, lower soil 
fertility, reduced biodiversity, ground water pollution, eutrophication of rivers and lakes, and 
changes to atmospheric constituents and climate (Matson 1997). 
1.1. Land Intensification in Mato Grosso 
Goals to decrease greenhouse gas emissions from land-cover and land-use change in 
Brazil are being accomplished through a multi-tiered approach which reduce deforestation and 
initiatives for forest restoration, as well as increased and diversified agricultural production, 
intensification of agriculture and farming, and innovations in agricultural management (Baker et 
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al. 2013; Galford, Soares-Filho and Cerri 2013).  Therefore, various agricultural and 
environmental factors and production incentives are needed to design reliable policies that 
reduce extensification and increase in intensification and reward environmental stewardship.  
Some experts believe that yield-improving technological change offers the best hope for meeting 
the agricultural challenge of an growing population and growing economies without clearing 
primary forests (Angelsen and Kaimowitz 2001; Robertson and Swinton 2005).  To balance 
economic growth and environmental sustainability, the management and value of agricultural 
land for multiple ecological services will require the integration of ecological and 
socioeconomical research, policy innovation, public education, and technological innovations 
(Stoorvogel et al. 2004; Robertson and Swinton 2005; Mahr 2011; Brando et al. 2013;VanWey et 
al. 2013).   
According to the FAO, in 2012, Brazil’s Amazon region contains the Earth’s largest 
remaining tropical forest, of which 12% is in the state of Mato Grosso, and borders the high 
growth agricultural zones in the state (Figure 2.1) (Lemos and Silva 2011).  The largest absolute 
extent of forest clearing each year occurs in Brazil’s Amazon region (FAO 2012).  Deforestation 
is the land-use change path where forest is cleared for pasture or cropland.  Mato Grosso was a 
global deforestation hotspot in the early 2000’s where deforested land was mainly used to 
produce meat for global consumption either through cattle ranching or soybean for livestock feed 
(DeFries et al. 2013; Neill et al. 2013).  In Mato Grosso, the decades from the 1970s to today 
represent a change from deforestation for low-productivity pasture producing beef for local and 
national consumption to high-input, industrial-scale agriculture for international export (DeFries 
et al. 2013).   
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Deforestation declined greatly towards the end of 2000’s through an integration of market 
forces, polices, incentive programs, enforcement, and improved monitoring.  DeFries et al. 
(2013) conducted a study to assess how representative are the national-level drivers, such as 
export demand, rising meat consumption, commercial-scale agriculture, and environmental 
policies, underlying Mato Grosso’s export-oriented deforestation, in 36 other tropical forest 
countries.  Their results showed that between 41% and 53% of deforestation in tropical forest 
countries from 2000 to 2005 occurred in countries with drivers similar to Brazil.  However, very 
few countries had national-level environmental regulation at levels similar to Brazil.  
Pasture is almost always the first land-use type after deforestation for timber.  The land-
use change of pasture to cropland is a form of agricultural intensification because cropland offers 
greater productivity per unit area than pasture.  Land-use change from pasture to cropping can 
encourage further deforestation for new grazing land (Mahr 2011).  
Succession cropping intensification represents the next phase in land utilization by 
increasing mechanization, labor, and agricultural inputs to produce multiple crops year round.  
Succession cropping refers to the method of after one crop is harvested; another is planted in the 
same place.  The length of growing season, climate, and crop selection are essential factors of 
this type of cropping, which is why the safrinha system is possible in Mato Grosso.   Succession 
cropping is different from lower intensity single cropping with only one crop per year.  This is 
also different from double cropping or crop rotation when different crops are planted in the same 
area in sequential seasons.  In the literature you will notice that safrinha cropping is called a 
double crop.  However, this paper refers to the soybean-maize (safrinha) system as a succession 
cropping system due to the maize being planted immediately after the soybean is harvested.    
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The most common succession crop system in Mato Gross is soybeans followed by maize.  
Recently, soybean production has intensified and succession cropping of soybeans, with a maize 
land share of 35%, increased from 68% to 95% of Mato Grosso’s 8.3 million hectares of 
cropland between 2008 and 2012 (Figures 2.2 and 2.3).  The expansion of soybeans in Mato 
Grosso takes place on highly weathered, acidic soils that are lacking in P (Neill et al. 2013).  
The Brazilian agro-industrial frontier in Mato Grosso rapidly expanded in total area of 
mechanized production and in total value of production in the last decade.  VanWey et al. (2013) 
conducted research to explore the relationship of intensification of double cropping and 
socioeconomic development in Mato Grosso.  Double cropping is usually in areas with access to 
transportation systems, prior profitable agricultural production, and strong prevailing ties to 
national and international commodity markets.  Their results show that double cropping and 
socioeconomic development are strongly and positively correlated with incomes of all residents 
of a community and with investments in education.  One implication of rising agricultural output 
in Mato Grosso, increasing intensification through double cropping, concerns over 
environmental impacts, and increases in the human development index, is what Lee et al., (2001) 
and Brando et al. (2013) describe as the tradeoffs from agricultural intensification.   
2. Policy  
The underlying land intensification technologies require a supportive economic and 
policy environment.  Markets and infrastructure are needed to handle production growth.  Mato 
Grosso, for example, has no expressways, 100 kilometers of rail transport, no access to barge 
transport, and lies 1,000 kilometers from a deep water port (Figure 2.4).  Farmer education and 
training on the use of new technologies and advanced farm management are essential.  
Organizations such as Aprosoja, Senar, and Famato are farmer run and engage in farmer training 
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as a core activity.  Environmental regulation enforcement balances maintaining agricultural 
growth while protecting the environment.  
Yet despite the achievement of the Green Revolution and more recently productivity 
improvements in tropical production, in the case of Mato Grosso, there are still social and 
environmental issues that need to be resolved and a continuing necessity to increase yields to 
meet the world’s ever increasing food demands (Hazell 2009).  There is also an urgent need to 
discover and measure the new phase of land intensification technologies, and bring in an 
applicable way, sustainable intensification to the rest of the developing world, especially to 
Africa.   
For example, Sub-Saharan Africa is comprised mostly of an agricultural group which is 
mainly dependent on low-input agriculture and animal husbandry.  This differs from Asia, where 
agricultural intensification through the Green Revolution helped reduce the horizontal expansion 
of agriculture while ensuring ample food supplies for a growing population.  While in sub-
Saharan Africa, deforestation and population have steadily increased, with the heaviest forest 
losses coming in areas where wood is needed for fuel or where forest land is needed to grow 
crops (FAO 2012). 
The growing frequency of export-oriented agriculture to meet global demands implies 
that the generalized idea of native biome preservation requires adjustment to account for a future 
possibility of a larger proportion of production landscapes or greater output per unit of land; 
hence the “Tradeoff.”    Land use change driven by expansion of export-oriented agriculture 
might answer to the international market’s demand for sustainably produced products, but forces 
government to develop, realize and apply control measures, such as the soybean moratorium 
(ABIOVE, 2013) which begun in the Amazon biome in 2010.  The lack of governance and 
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capacity in most tropical forests countries raises concerns about whether or not Brazil’s success 
of arresting deforestation can be imitated.  The conceptual model of land-use transitions driven 
by distal demands for agricultural commodities is fundamental and involves empirical analysis to 
assess the large and increasing pressures on tropical forest landscapes (DeFries et al. 2013).  
Modifications in agricultural intensification practices will require significant investments by 
farm management, governments, scientists, and development organizations, all of whom face 
numerous other strains on their resources (Lobell et al. 2008). 
In Brazil, continued investments in science and technology policies, supported by a 
steady, liberalized macroeconomic environment, have produced significant agricultural 
achievements.   Brazil could significantly boost its shares in global production and trade still 
further by increasing its low average-farm efficiency.  The average farm produces only 64% of 
the output of efficient producers (Rada and Valdes 2012).  New school infrastructure investments 
in Brazil offer the greatest opportunity to increase farm efficiency by improving  human capital 
that can apply and manage new agricultural technologies and practices.  Therefore, despite its 
significant achievements, Brazil has abundant capacity to foster improved productivity and 
intensify sustainably  
Intensified production provides farmers with higher yields per hectare and growth in their 
income.  This may cause farmers to expand already existing cropland.  If demand for grains is 
relatively inelastic, the growth in output that results from the collection of individual farming 
decisions will cause a drop in a crop prices.  However, such improvements in productivity can be 
land sparing worldwide if yield growth outperforms demand growth (Baker et al. 2013).  Rudel 
(2012) compares agricultural intensification and changes in cultivated areas from 1970 to 2005 
of different global regions of the 10 major crops using FAO data.  The study finds that 21% of 
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the countries, mostly in temperate regions, can spare land (reduce cropland) through 
environmental policy enforcement, not surprisingly grain imports, and improved yields that 
preserve farmers’ incomes.  
Tropical deforestation's impacts and the interaction with agricultural intensification have 
proven difficult to identify and to evaluate (Southgate 1990).  Nicholson (1995), explains that 
polices which reduce deforestation need to think of ways to improve economic opportunities for 
the rural poor, to improve and sustain productivity of cropping systems existing cropland or 
pasture through the development of sustainable, adaptable, and regenerative technology, and to 
guarantee more secure land tenure and more credit to farmers.  Technological innovation or price 
deregulation alone does not resolve the issue of land degradation along agricultural frontiers.  
The cycle of excessive land clearing and erosive farming can be broken only by accomplishing 
the politically charged task of changing the institutional bases of that cycle.  Specifically, 
strengthening the property rights of settlers, of those adversely affected by deforestation and 
erosion, or of both groups, therefore encouraging the conservation of unsettled forested land (Lee 
et al. 2001).  Land degradation is severe in the area of freely expanding agricultural frontiers in 
the developing world because of tenure commands facing farmers.  Particularly, one's being able 
to acquire property rights in "idle" land by converting it to an agricultural use not only 
encourages farmers to deforest excessively but also discourages them from conserving current 
farmland (Southgate 1990).   
Agricultural resource use depends on the decisions made by farm management, which are 
formed, in turn, by market conditions, public policies, and the specific characteristics of 
individual farms and households.  When making these decisions, farm management have clear 
incentives to consider their own and their households’ wellbeing, but incentives to consider more 
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distant effects are frailer (Aillery et al. 2012).  And while many of the incremental expenses 
related to agricultural intensification accumulate at the farm level, most benefits are captured by 
society (Knowler and Bradshaw 2007).  A new emphasis on social, economic, and environmental 
sustainability has increased the need for in depth information on agricultural production 
methods, their social and environmental outcomes, and ways to measure them.  Now consumers 
are worried not just with the cost of food, but also with long-term effects on the environment and 
agricultural workers.  Nonetheless, there are no product-or process-based standards that 
standardize sustainable intensification in agricultural systems throughout the supply chain 
(Aillery et al. 2012).  
More information and research is needed on production opportunities, effects on society, 
and trade-offs among various levels of farmers and consumers to design better agricultural 
policies.  Farm level analyses are required to evaluate producer behavior, production responses 
to alternative intensification practices and systems, and alternative management decisions.  
Instead of simply substituting technologies from temperate regions, that seem universal, further 
knowledge on the costs and benefits of diverse intensification practices are needed to foster rural 
development and food production in tropical regions in Latin America, and around the world 
(Nicholson, Blake and Lee 1995; Knowler and Bradshaw 2007).  Brief and correct information 
about the current state of, and complex relations between, public policies, economic conditions, 
farming practices, conservation, resources, and the environment can help public and private 
sector decision making (Knowler and Bradshaw 2007; Aillery et al. 2012).   
3. Land Intensification Technologies 
 Land intensification technologies began with the Green Revolution.  The Green 
Revolution refers to a series of research, development, and technology transfer initiatives, 
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occurring between the 1940s and the late 1960s.  Most of the dynamic agricultural 
transformations took place in developing countries, especially south Asia.  The technological 
transformation focused on the development, transfer, and dissemination of high-yielding seed 
combined with increased usage of chemical fertilizers and pesticides (Carr et al. 2003).  As a 
result of this intensification crop yields rose in both developed and less developed countries 
(Matson 1997).  The lessons of intensification through technology continue today as, 
improvements in cereal varieties, farm management practices, and the introduction of 
biotechnology continue to support high levels of productivity (Hazell 2009).  There has been 
faster adoption of biotechnology crops among developing countries in recent years (Figure 2.5).  
Developing countries now cultivate about 40% of the world’s 100,000,000 hectares of 
biotechnology crops.  
3.1. Seed and Chemical 
 The term “Green Revolution” originally the development of high-yielding rice and wheat 
seeds in the late 1960’s in Asia but has since referred to the development of high yielding 
varieties for numerous other crops, such as sorghum, maize, cassava, and beans, necessary for 
the developing world.  Now organizations and institutions around the world work to conduct 
agricultural research in developing countries on plant varieties and management practices to 
support productivity growth (Hazell 2009; Hanjra and Qureshi 2010).   
 Biotechnology crops reflect the integration of seed and pesticide technologies.  Herbicide 
tolerant crops endure strong herbicides, which allow farmers to adapt to new seed varieties to 
more efficiently control persistent weeds.  Insect resistant crops are comprised of genes from the 
soil bacterium Bacillus thuringiensis.  This soil bacterium produces a protein that is toxic to 
particular insects, which in turns protects the plant over its entire life span (Fernandez-Cornejo 
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2012).  Farmers achieve economic benefits from increased crop yields, and lower pesticide, fuel, 
labor, and machinery costs due to fewer passes across the field (Goldsmith 2008).  As a result 
seed prices for genetically engineered seed are significantly more expensive than conventional 
seeds.     
  Various studies dating from 1970s to 2000s show developing countries lag the developed 
world in the utilization of technology inputs, such as chemicals and purchased seed (Evenson 
and Fuglie 2009; Avila and Evenson 2010; Fuglie 2010).  The developing country cost of 
production share for seed and chemicals combined is 6%, while the average cost share for the 
United States is 18%.  In particular, Brazilian agriculture had chemical and seed cost shares of 
only 7% (Fuglie 2008).  
The rate of growth of chemicals and seed between 2001 and 2010 among developing 
countries averages 4% per year, while North America had growth rates of negative 1 % per year 
(Figure 2.6).  In particular Latin American agriculture had chemical and seed growth rates of 2% 
per year.  
3.2. Machinery, Labor, and Land 
 Energy use in agriculture has become a main concern because of the usage of non-
renewable sources of energy, such as fossil fuels.  The issue is especially great for countries who 
depend on land intensification technologies, that are largely dependent on fossil fuels, inorganic 
fertilizers, pesticides and mechanization (Giller et al. 1997; S. Rahman and M. S. Rahman 2013).   
As chemical and machinery cost shares have continued to rise with the level of agricultural 
development, there has been a trend for the labor cost share to fall.    
 Specifically, machinery cost shares among developing countries is 1%, while Brazil’s is 
much higher at 14% (Fuglie 2008).  Developed countries have slightly higher cost shares of 
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15%.  Machinery usage growth rates for developing countries, like with chemical and seed, far 
outpace developed countries between 2001 and 2010.  For example developing countries 
increased their machinery usage 3% per year, compared with developed countries at -1% per 
year. 
 Labor cost shares among developing countries averages 45% over the last 40 years, while 
developed countries have average labor cost shares of 30% (Evenson and Fuglie 2009).  Brazil’s 
labor cost shares average 43% while the United States averages 20% (Fuglie 2010).  Labor usage 
though appears almost flat among developing countries at a rate of 0% per year between 2001 
and 2010.  Developed countries also employ less labor over time, but at a far greater annual rate 
of decline at -3%.  Thus with chemical and machinery growth and labors decline, labor 
substitution is occurring (Fuglie 2010).  
 Finally, land cost shares globally for land ranged from 22% to 29% (Evenson and Fuglie 
2009; Avila and Evenson 2010; Fuglie 2010).    In Brazil, land cost share was 22% while 
similarly in the United States land cost share is 19%.   
4. Measuring Agricultural Intensification with Total Factor Productivity 
4.1. Global Growth 
   The rate of global agricultural growth decreases from the 1970’s-1980’s and then 
increases during the 1990’s-2000’s (Fuglie and Rada 2013).  From 2001-2010, global output of 
total crop and livestock production increases by an average 2.5% per year (Figure 2.7).  In early 
years growth occurred due to expansion of agricultural land (extensification) and increases in the 
application of agricultural inputs (intensification).  Starting in the 1990’s improvements in total 
factor productivity began to drive output growth.  In the 2001-2010 period total factor 
productivity comprises 72% of global agricultural growth while input usage per hectare, 
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expansion of agricultural land, and increased irrigation comprise 13%, 11%, and 4% 
respectively.  From 2001-2010, annual growth rates in output, input, and total factor productivity 
in North America increases by an average 1%, -1%, and 2%, respectively.  In developing 
countries, output growth increases by 3% per year, input growth increases by 1% per year, and 
total factor productivity growth increases by 2% per year (Figure 2.8).  Latin America has 
similar growth patterns compared to developing countries, with the exception of total factor 
productivity, which grows at 3% per year.   
4.2. U.S. Total Factor Productivity 
Output growth stems from growth in the use of inputs (land, energy, labor, chemical, and 
capital) and total factor productivity growth.  Input growth has been the main source of economic 
growth in the U.S. economy as a whole and for most sectors (Aillery et al. 2012).  But, in 
agriculture, productivity growth has been the primary source of growth in output, whereas input 
growth has had a small impact (0.11% per year).  With an annual growth rate of 1.52% per year 
over 1948-2009, farm sector productivity increased by 152% over the past 61 years.  As a result, 
and in the absence of input growth from 1948 to 2009, productivity growth almost single-
handedly drove the 170% increase in farm output above its 1948 level.  Land output growth was 
-0.08% per year.  Labor declined 78% at the same land use fell by 27%.   
But material input (including fertilizer, seed, pesticide, fuel and purchased services) grew 
by 140%, 0.69% per year from 1948-2009 (Aillery et al. 2012).  Within the materials inputs, 
chemical inputs grew faster than others at an annual rate of 2.54 %.  The positive increase in 
chemical input growth reflects the substitution of land, labor, and energy.  Input usage offsets the 
declining role of labor and land, which in turn makes change in all input usage essentially flat 
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since 1948.  Purchased services, including contract labor and machinery custom work services, 
increased at an annual rate of 2.54% from 1948-2009.   
4.3. Brazil Total Factor Productivity  
From 1985 and 2006, Brazilian agricultural production grew by 77% and Brazil became a 
major global agricultural exporter.  Brazil’s agricultural development occurred through sustained 
public investments in science and technology (Rada and Valdes, 2012).  In addition, currency 
stability, economic liberalization, and higher prices as global demand outstripped supply 
incentivized farmers to increase farm efficiency and production.  Brazil’s national average farm 
TFP growth increased at an annual rate of 2.55% from 1985 and 2006, while TFP growth in 
efficient farms grew at an average rate of 4.4% each year (Rada and Valdes 2012).  The most 
efficient farm producers achieved rapid TFP growth, allowing these farms to produce 138% 
more in 2006 than in 1985, using the same input levels (Rada and Valdes 2012).   Faster TFP 
growth offset declining growth in agricultural land, labor, and other inputs.  
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5. Tables and Figures 
Figure 2.1 Mato Grosso Biomes   
 
Source: http://policymix.nina.no/Casestudies/BrazilMatoGrosso.aspx 
 
 
Figure 2.2 Mato Grosso Soybean Production: 2008-2012 
  Source: IMEA and author’s calculations.  
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Figure 2.3 Mato Grosso Maize Production: 2008-2012 
 
Source: IMEA and author’s calculations. 
 
Figure 2.4 Map of Brazilian Infrastructures  
  
Source: http://www.skyscrapercity.com/showthread.php?t=1387056 
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Figure 2.5 Sources of Growth in Agricultural Output: 1961-2010  
 
 
Source: James, 2007.  
 
 
Figure 2.6 Average Annual Global Agricultural Input Growth Rates: 2001-2010 – North America, Developing countries, 
and Latin America 
 
*Includes fertilizer 
Source: Fuglie and Rada, 2013. 
 
 
 
 
 
-0.03 
-0.02 
-0.01 
0.00 
0.01 
0.02 
0.03 
0.04 
Land Labor Machinery Chemical 
and Seed* 
A
nn
ua
l G
ro
w
th
 R
at
es
 
Agricultural Inputs 
North America 
Developing 
countries 
Latin America 
 22 
  
Figure 2.7 Sources of Growth in Agricultural Output: 1961-2010  
 
Source: Fuglie and Rada, 2013. 
 
 
 
Figure 2.8 Average Annual Output, Input, and TFP Growth Rates: 2001-2010 – North America, Developing countries, 
and Latin America 
 
Source: Fuglie and Rada, 2013. 
  
0.00 
0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
A
nn
ua
l G
ro
w
th
 R
at
es
 
Year 
Improvements in TFP 
More inputs per hectare 
Expansion of irrigation to 
cropland 
Expansion of agricultural land 
-0.01 
-0.01 
0.00 
0.01 
0.01 
0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
North America Developing countries Latin America 
A
nn
ua
l G
ro
w
th
 R
at
es
  
Regions 
Output 
Input 
TFP 
 23 
  
Chapter 3. Data 
1. Motivation for the Reference Project Dataset 
Total factor productivity and its variability benefits from firm level data.  But these data 
are often collected by government institutions such as the USDA in the U.S. or its equivalent in 
foreign countries (i.e. CONAB - Companhia Nacional de Abastecimento in Brazil).  For privacy 
purposes, these agencies then only release aggregated indicators at various geographical levels, 
which eliminate the ability for firm level analysis. 
 Previous studies on productivity growth in developing countries often have limited access to 
reliable financial data (Fuglie 2003; Fuglie 2008; Avila and Evenson 2010).  Additionally the 
lack of input and output quantities and prices limits productivity analysis. But the managerial 
decision making behind production decisions involves varying input usage and outputs based on 
the marginal productivity of an input and its relative cost, and output prices. Therefore the lack 
of firm level data in Brazil has constrained the detailed analysis of the TFP question (Gasgues 
and Conceição 2000; Gasgues et al. 2004; Avila, Romano and Garagorry 2010).  
This research uses a unique firm level dataset derived from the Reference Project farms 
of the Maize and Soybean Association of Mato Grosso (Aprosoja).  The Reference Project data 
set provides the only detailed farm level income, expense, input, and output data available in 
Brazil.  We use these farm-level data on agricultural outputs and inputs to create Tornqvist 
indices to measure changes in agricultural productivity in soybean, maize, and succession 
cropping productions, from the years 2007-2012 using approximately 43 farms.  Farms included 
in this research are Reference Project farms that reported succession crop data for at least two 
consecutive years, and joined the project at any year from 2007-2012.  Aprosoja is a non-profit 
association that gathers data about soybean and maize producers from the state of Mato Grosso.  
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It was established in 2005 with the purpose of supporting maize and soybean producers in Mato 
Grosso to meet the demand in a globalized market by providing information, education, support, 
and political representation to defend the interest of maize and soybean farmers in the state 
(Anon 2012).  Aprosoja is organized in four different regions that make up the main area planted 
in soybean and maize throughout the state.  Each region has a corresponding field staff.  The 
Reference Project dataset contains economic and technical data of farms identified at the 
regional and county level.  The economic data include detailed costs, revenues, input quantities, 
and inventory values.  Agronomic data and farm characteristics are also included such as farm 
size, share of different enterprises within the farm, percentage rented, etc.  Aprosoja estimates 
the farm assets owned at the time farmers join the Reference Project.  Depreciation plans are also 
part of the data collection process.  The farmers upload their data into a software provided by 
Aprosoja which are then sent to a central database that then reports each farmer’s information.  
Farmers have access to all the data online and so are able to see and correct data as needed.  
Unfortunately the data collection process does not have strict standardization rules, therefore the 
commitment and the precision of the data depends heavily on the farmers, and requires the 
application of cleaning and validation routines.    
For the state of Mato Grosso, two agencies compile statistics of costs of production, 
CONAB and the Mato Grosso Institute for Agricultural Economics (IMEA), which are used to 
validate the Reference Project data.  In cases where data are missing we use data from several 
Brazilian agencies; CONAB, IMEA, IBGE (Brazilian Institute of Geography and Statistics), 
FGV/IBRE (Brazilian Institute of Economics at Getulio Vargas Foundation), and ANP (Brazilian 
National Agency of Petroleum, Natural Gas, and Biocombustibles).   
 25 
  
IMEA’s methodology for collecting costs of production data is based off CONAB’s 
methodology.  Both CONAB and IMEA’s costs of production data come from two sources: 1) a 
panel of 10-15 participants, and 2) telephone contact with farm input suppliers and third-party 
service providers (Anon 2010; Anon 2014).   The great diversity among farm sizes, production 
systems, technology packages, level of technology, and etc., complicates the job of 
characterizing one property that represents the research area (city, region, state).  Therefore, it is 
necessary to conduct a panel in order to characterize a model farm most commonly found in a 
specific region.   The panel reports information about the their crops, technology packages, 
production process, farm inputs, crop price, input and service costs and prices, machinery 
information, and other data related to their farm.  The panel is made up of farmers, cooperatives, 
financial institutions, and technicians, among others, that have knowledge of the region.  The 
number of participants is limited to 10-15 people as a way of better the discussion.  Input prices 
and usage and crop prices and volume are also collected monthly from various sources via 
telephone contact from 26 cities around Mato Grosso.  From this data IMEA and CONAB 
calculate average monthly prices and costs per region.  IMEA uses secondary sources such as the 
CME Group and the Brazil Central Bank to estimate the export costs, international contracts, 
transportation and port costs and taxes.   
The planting and harvesting calendar in Mato Grosso differs from high-latitude countries, 
such as the U.S. (Figure 3.1).  Soybean is planted anywhere from late September until late 
December and then harvested in mid-January until late April.  Once the soybean is harvested, 
those farmers who plant a second crop of maize have a small window to plant.  The second 
maize crop is usually planted in January and February and then harvested in April and May.  In 
the Reference Project, the data corresponds to the harvest year.  Each year opens on August 1st 
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and then closes on July 31st of the following year.  For example, year 2007’s start date is August 
1st, 2007 and end date is July 31’st 2008.   
The data collected in Mato Grosso were initially quoted in local currency, the Brazilian 
Real. For comparison purposes, all expenses were converted to U.S. Dollars. The exchange rate 
was calculated annually based on the U.S. Federal Reserve Bank’s daily average exchange rates 
for the years 2007 to 2012. 
In Brazil, quantities of soybean and maize produced are quoted in 60 kg sacks. According 
to the USDA conversion chart, a sack corresponds to 0.060 MT (Anon 1992). Therefore, all the 
quantities reported in bags were converted to metric ton. 
2. Output 
The Reference Project data are used to measure Crop output (production) for soybean 
and maize.  The data is measured in 60 kg sacks and then converted to metric tons.  Crop prices 
are also found in the Reference Project and are the prices received by the farmer measured in 
Brazilian Reals per 60kg sack.   
3.  Inputs 
3.1. Land 
Cropland harvested is the area planted for soybean and maize by each farmer.  Cropland 
prices are the cost of land, reported to the Reference Project, and measured in Brazilian Reals per 
hectares.  By definition farmers’ second crop maize (safrinha) land use is always less than or 
equal to the soybean cropland harvested.  The Reference Project allocates total annual land costs 
across soybean and maize budgets based on the percentage of total cropped hectares each 
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comprises.  Thus if maize production follows 50% of soybean cropped hectares, then maize 
would account for 1/3rd of farm land costs, and soybean 2/3rds.  
3.2. Labor 
Labor and wages include expenses related to annual hired labor.  Farmers do not report 
unpaid labor costs.  To calculate the number of workers per farm, the labor cost per farm was 
divided by the annual labor wage per worker for the state of Mato Grosso provided by IBGE 
(2007-2012).  The Reference Project allocates total annual labor costs across soybean and maize 
budgets based on the percentage of total cropped hectares each comprises. 
3.3. Fertilizer 
Fertilizer is the amount of major inorganic nutrients annually applied to production, 
measured in metric tons per hectare.  The fertilizer expense includes phosphorous, potash, and 
nitrogen.  Farmers report unit price per metric ton, application rate per hectare, and cost per 
hectare, which is then converted to fertilizer cost per farm for the TFP analysis, 
Only 14% of the farmers report soil correctives (limestone) and pricing data were highly 
variable.  Of those farms limestone only accounts for less than 1% of the cost of production.  It is 
a cheap input and it is applied every four to five years.  Thus, explaining the missing data in our 
relatively short panel.  Correctives were dropped from the cost of production.  
3.4. Seed  
Seed is measured in metric tons.  Farmers report the seed cost per hectare, which is then 
converted to seed cost per farm for the TFP analysis.  Aprosoja provided fixed seeding rates for 
soybean (0.05 mt/ha) and maize (0.04 mt/ha) production, which were used to calculate the price 
per metric ton of seed using the seed cost per hectare.   
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3.5. Pesticides 
Pesticide is measured in liters.  Farmers report the pesticide costs per hectare, which is 
then converted to cost per farm for the TFP analysis.  To determine the amount of pesticide used 
per farm, the pesticide cost per farm was divided by the annual pesticide price per liter for the 
state of Mato Grosso provided by CONAB (2007-2012).   
Across the entire panel and across both crops, 13% of purchases involve complete input 
packages, where farmers pay one price per hectare for seed, fertilizer and pesticides.  The cost 
was allocated to seed, fertilizer, and pesticide cost categories based on the average share costs 
from the other Reference Project farms. 
3.6. Diesel 
Diesel is measured in liters.  Diesel costs were provided on a per hectare basis. The diesel 
cost per farm was divided by the annual diesel price per liter for the state of Mato Grosso 
reported by ANP (2007-2012) in order to calculate the quantity of diesel used per farm.    
3.7. Farm Machinery Expenses 
The quantity of machinery is the number of tractors, seeders, sprayers, and combines per 
farm.  Machine expenses include only depreciation expenses in order to more accurately estimate 
the changes in machinery capital utilization in the TFP analysis.  Reference Project farmers 
provide total depreciation costs on a per hectare basis.  The machinery depreciation cost for each 
soybean and maize was estimated based on the value of equipment when farmers first joined the 
project and follow the depreciation timeline in place at that time.  The number of machines was 
distributed to each crop based on the cropland share percentage.    Publically available pricing 
data on equipment types are nonexistent in Mato Grosso. For validation purposes we compared 
the machinery expenses per hectare to FGV/IBRE (2007-2012) tractor prices per hectare.   
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4. Simple Statistics 
The distribution of outputs and inputs varies across years in soybean and maize 
production (Appendices A and B).  There is even a greater variation when looking at costs of 
production at the farm level compared to costs of production at the hectare level due to the vast 
range of farm size.  All data from the Reference Project was given at the hectare level and then 
calculated at the farm level in order to determine each farm’s total factor productivity.  The 
purpose of this section is to analyze the Reference Project economic data with respect to other 
data of reference gathered by other entities such as government agencies or any other agricultural 
agency to validate the use of the compiled dataset.  
4.1. The Aprosoja Sample 
For the state of Mato Grosso, two agencies compile statistics on costs of production, the 
Mato Grosso Institute for Agricultural Economics (IMEA) and Companhia Nacional de 
Abastecimento (CONAB).  It should be noted that IMEA and CONAB do not report any cost 
information for diesel.  Overall, the Reference Project sample appears to be more similar to the 
IMEA data.  
4.1.a Soybean Production 
In the soybean production for the Reference Project, the average coefficient of variation 
on land costs is 0.33 with an average land cost of US$77 per hectare from 2007-2012 (Table 
3.1).  The Reference Project reports the lowest land costs, nearly half of IMEA’s and CONAB’s 
reported expenses (Table 3.2).  It is not understood why the cost of land in the Reference Project 
is significantly lower compared to IMEA and CONAB and it is not known how farmers 
determine the cost of land.  The soybean land cost share in the Reference Project sample is 11%, 
half of IMEA’s at 21% and CONAB’s at 20% over the six year period (Table 3.3).  The average 
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labor cost per hectare for the Reference Project is US$48 with a coefficient of variation of 0.44.  
IMEA has the lowest cost of labor, approximately one-third of the Reference Project’s costs and 
half of CONAB’s costs.  In all three costs of production data, labor expenses are the lowest costs 
per hectare and costs shares among all the inputs.  The labor cost share is highest in the 
Reference Project with an average cost share of 7% from 2007-2012.  CONAB has a labor cost 
share of 6% and IMEA has a cost share of 2%.   
Reference Project fertilizer costs average US$221 per hectare with a coefficient variation 
of 0.35.  In all three costs of production data, fertilizer expenses have the highest costs and cost 
shares among all the inputs.  Fertilizer makes up an average of 33% of the total cost in the 
Reference Project while it represents respectively, 40% and 42%, for the CONAB data and 
IMEA data.  Seed costs have a coefficient variation of 0.38 with an average US$56 per hectare.  
IMEA’s average seed cost per hectare is US$50 while CONAB’s seed cost per hectare is US$46.  
Seed shares are similar across the different costs of productions with 8% in both the Reference 
Project and IMEA and 7% in the CONAB data.   
Pesticide costs per hectare average US$159 in the Reference Project with a coefficient of 
variation of 0.30 over the six years.  IMEA’s pesticide cost per hectare is the highest at $168.  
CONAB has the lost cost at US$104 per hectare.  Pesticide shares are similar in the Reference 
Project, 24%, and IMEA, 25%, having the second highest input cost share after fertilizer.  The 
average diesel cost per hectare is US$43 with a coefficient variation of 0.31 from 2007-2012.  
CONAB and IMEA do not report any diesel costs in their costs of productions.  
Farm machinery expense has the highest coefficient of variation at 0.52 meaning that 
there is more variation across farms in machinery expenses in Mato Grosso.  The average 
machinery cost per hectare for the Reference Project is US$53.  IMEA has the lowest cost of 
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machinery, almost one half of the cost in the Reference Project sample and CONAB’s data.  The 
Reference Project and CONAB both have a machinery cost share of 8% while IMEA’s is half, at 
4%.  In terms of net return, which is one of the principal farm performance measurements in 
costs of production analysis, the coefficient of variation is high with a value of 0.48 and average 
US$401 per hectare.  IMEA has the highest net return per hectare at US$480 while CONAB has 
the lowest at -US$137.   
CONAB’s low net return is a result of grain price.  Over the six-year period, CONAB 
reports the lowest grain price, nearly half of the grain price reported by the Reference Project at 
US$331 per metric ton, and IMEA at US$367 per metric ton.  The coefficient variation for 
soybean price is 0.20 in the Reference Project.  This trend is similar when looking at gross 
revenue per hectare.  The Reference Project averages US$1,077 per hectare and IMEA averages 
US$1,146 per hectare.  CONAB reports the lowest revenue per hectare at US$492.  In terms of 
yield, there is less variability among the farms in the Reference Project since the coefficient of 
variation is 0.09, averaging a yield of 3.25mt/ha over the 6 years.  IMEA averages 3.12mt/ha and 
CONAB averages 3.00mt/ha.   
4.1.b Maize Production 
In the maize production for the Reference Project, the average coefficient of variation on 
labor costs is 0.46 with an average land cost of US$47 per hectare from 2007-2012 (Table 3.4).  
IMEA reports a similar land cost at US$46 per hectare, while CONAB’s cost of land is double 
that of the Reference Project and IMEA (Table 3.5).  During the six-year period, CONAB reports 
a significantly higher cost share for land at 15% compared to the Reference Project and IMEA at 
9% (Table 3.6).  The average labor cost per hectare for the Reference Project is US$30 with the 
highest coefficient of variation at 0.57.  IMEA has the lowest cost of labor, approximately 23% 
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of the Reference Project’s costs and 26% of CONAB’s costs.  In all three costs of production 
data, labor expenses are the lowest costs per hectare and costs shares among all the inputs.  
Similar to the soybean costs of production data, IMEA reports the lowest cost share for labor at 
1%, while the Reference Project and CONAB both report 5%.   
Reference Project fertilizer costs average US$182 per hectare with a coefficient variation 
of 0.53.  Due to the lack of soil fertility and maize being a chemical intensive crop, again 
fertilizer has the highest costs per hectare and costs shares across the three data sets.  Fertilizer 
makes up an average of 33% of the total cost in the Reference Project while it represents 
respectively, 39% and 41% for the CONAB data and IMEA data.  Seed costs have the second 
highest coefficient variation at 0.53 with an average US$115 per hectare.  IMEA’s average seed 
cost per hectare is US$120 while CONAB’s seed cost per hectare is US$83.  Seed shares in the 
maize production are significantly higher than soybean shares, being the second highest input 
cost share.  The Reference Project reports a seed cost share of 21%, similar to IMEA’s seed 
share of 23%.  CONAB’s seed cost share is 16%.   
Pesticide costs per hectare average US$69 in the Reference Project with a coefficient of 
variation of 0.57 over the six years.  IMEA’s pesticide cost per hectare is the highest at $115.  
CONAB has the lowest cost at US$51 per hectare.  IMEA reports a pesticide cost share equal to 
seed at 23%, whereas the pesticide share in the Reference Project and CONAB data it is about 
62% of each data set’s respective seed share.  The Reference Project’s average diesel cost per 
hectare is US$28 with a coefficient variation of 0.38 from 2007-2012.  CONAB and IMEA do 
not report any diesel costs in their costs of productions.  
Farm machinery expenses has a higher coefficient of variation at 0.52 meaning that there 
is more variation across farms in machinery expenses in Mato Grosso compared to other inputs 
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with coefficient of variations at 0.38 and 0.46.  The average machinery cost per hectare for the 
Reference Project is US$34.  IMEA has the lowest cost of machinery at US$22 per hectare.  
CONAB reports a machinery cost per hectare of US$70.  CONAB reports the highest machine 
cost share at 14%, almost double the Reference Project’s share and three times more than 
IMEA’s share.  In terms of net return, the coefficient of variation is highest with a value of 1.34 
and average US$160 per hectare.  IMEA has the second highest net return per hectare at US$119 
while CONAB has the lowest at -US$29.  CONAB’s low net return is a result of low grain yield 
of 4.60mt/ha.   
In the Reference Project the coefficient of variation is 0.22, averaging a yield of 
5.50mt/ha over the 6 years.  IMEA averages 5.28mt/ha.  Over the six-year period, IMEA and 
CONAB report almost the same maize grain prices of US$115mt/ha and US$116mt/ha.  The 
Reference Project reports the highest grain price at US$128mt/ha with a coefficient variation of 
0.22.  The Reference Project averages gross revenue at US$706 per hectare and IMEA averages 
US$632 per hectare.  CONAB reports the lowest revenue per hectare at US$537.  In the 
Reference Project maize production costs of production, the coefficients of variation of inputs 
are on average higher than soybean inputs meaning that there is more variability among the 
maize costs of production data.  Where the coefficients of variation differ are in seed and 
machinery.    
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5. Tables and Figures 
Figure 3.1 Planting and Harvest Calendar for Mato Grosso 
  Note: H = Harvest Season / I = Interharvest period / S = Seeding Period. 
Table 3.1 Reference Project Soybean Costs of Production per Hectare: 2007-2012 - Summary Statistics 
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land (US$/ha) 77.83 25.80 0.33 14.94 155.74 
Labor (US$/ha) 48.32 21.40 0.44 13.02 105.52 
Fertilizer (US$/ha) 221.36 76.58 0.35 15.79 512.59 
Seed (US$/ha) 56.37 21.21 0.38 15.26 169.16 
Pesticide (US$/ha) 159.24 47.96 0.30 61.68 267.40 
Diesel (US$/ha) 43.99 13.53 0.31 19.73 114.78 
Machine (US$/ha) 53.36 27.70 0.52 1.76 151.77 
Aggregate inputs (US$/ha) 675.96 148.25 0.22 376.39 1,250.88 
Gross revenue (US$/ha) 1,077.18 239.31 0.22 662.68 1,652.35 
Net return (US$/ha) 401.21 193.26 0.48 -152.17 1,020.92 
Grain price (US$/mt) 331.26 65.15 0.20 211.74 505.51 
Grain yield (mt/ha) 3.25 0.31 0.09 1.82 4.04 
Observations: 156       
  Source: Reference Project, IMEA, CONAB and author’s calculations. 
Table 3.2 Comparisons of Soybean Average Costs of Production per Hectare: 2007-2012  
    Reference Project IMEA CONAB 
Land (US$/ha) 77.83 142.93 131.79 
Labor (US$/ha) 48.32 15.87 34.69 
Fertilizer (US$/ha) 221.36 264.32 261.07 
Seed (US$/ha) 56.37 50.20 46.02 
Pesticide (US$/ha) 159.24 168.80 104.20 
Diesel (US$/ha) 43.99 - - 
Machine (US$/ha) 53.36 24.06 52.67 
Aggregate inputs (US$/ha) 675.96 666.17 630.44 
Gross revenue (US$/ha) 1,077.18 1,146.43 492.92 
Net return (US$/ha) 401.21 480.26 -137.52 
Grain price (US$/mt) 331.26 367.45 164.31 
Grain yield (mt/ha) 3.25 3.12 3.00 
 Source: Reference Project, IMEA, CONAB and author’s calculations.  
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Table 3.3 Comparison of Average Annual Soybean Cost Shares per Hectare: 2007-2012 
Variable   Reference Project IMEA CONAB 
Land cost share (%) 0.11 0.21 0.20 
Labor cost share (%) 0.07 0.02 0.06 
Fertilizer cost share (%) 0.33 0.40 0.42 
Seed cost share (%) 0.08 0.08 0.07 
Pesticide cost share (%) 0.24 0.25 0.17 
Diesel cost share (%) 0.07 - - 
Machine cost share (%) 0.08 0.04 0.08 
Source: Reference Project, IMEA, CONAB and author’s calculations.  
 
Table 3.4 Reference Project Maize Costs of Production per Hectare: 2007-2012 - Summary Statistics 
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land (US$/ha) 47.29 21.54 0.46 12.24 103.08 
Labor (US$/ha) 29.73 17.06 0.57 6.05 95.61 
Fertilizer (US$/ha) 182.55 97.15 0.53 14.73 850.17 
Seed (US$/ha) 115.17 42.56 0.37 26.17 224.06 
Pesticide (US$/ha) 68.90 39.55 0.57 4.22 254.39 
Diesel (US$/ha) 28.21 10.83 0.38 7.24 74.74 
Machine (US$/ha) 34.26 17.83 0.52 0.57 94.56 
Aggregate inputs (US$/ha) 545.70 139.01 0.25 229.90 1,149.51 
Gross revenue (US$/ha) 705.70 234.28 0.33 201.35 1,317.02 
Net return (US$/ha) 160.00 215.02 1.34 -541.13 781.09 
Grain price (US$/mt) 127.54 28.46 0.22 78.68 199.43 
Grain yield (mt/ha) 5.50 1.22 0.22 1.80 8.40 
Observations: 156       
  Source: Reference Project, IMEA, CONAB and author’s calculations.  
 
Table 3.5 Comparisons of Maize Average Costs of Production per Hectare: 2007-2012  
    Reference Project IMEA CONAB 
Land (US$/ha) 47.29 46.63 99.48 
Labor (US$/ha) 29.73 7.36 26.50 
Fertilizer (US$/ha) 182.55 200.90 235.75 
Seed (US$/ha) 115.17 120.66 83.37 
Pesticide (US$/ha) 68.90 115.25 51.53 
Diesel (US$/ha) 28.21 - - 
Machine (US$/ha) 34.26 22.35 69.56 
Aggregate inputs (US$/ha) 545.70 513.16 566.18 
Gross revenue (US$/ha) 705.70 631.91 537.36 
Net return (US$/ha) 160.00 118.75 -28.81 
Grain price (US$/mt) 127.54 115.23 115.62 
Grain yield (mt/ha) 5.50 5.28 4.60 
  Source: Reference Project, IMEA, CONAB and author’s calculations.  
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Table 3.6 Comparison of Average Annual Maize Cost Shares per Hectare: 2007-2012 
Variable   Reference Project IMEA CONAB 
Land cost share (%) 0.09 0.09 0.15 
Labor cost share (%) 0.05 0.01 0.05 
Fertilizer cost share (%) 0.33 0.39 0.41 
Seed cost share (%) 0.21 0.23 0.16 
Pesticide cost share (%) 0.13 0.23 0.10 
Diesel cost share (%) 0.05 - - 
Machine cost share (%) 0.06 0.04 0.14 
  Source: Reference Project, IMEA, CONAB and author’s calculations   
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Chapter 4. Methodology 
The study of agricultural productivity commonly employs analysis of the relationship 
between outputs and inputs (Equation 1) where total output is represented by Y and total inputs 
by X.  Eq. (1)  𝑇𝐹𝑃 = 𝑌 𝑋 
Where the total factor productivity (TFP) is the ratio of outputs to inputs.  There are 
generally five forms of TFP.  First, factors may be negatively productive, which can occur with 
input toxicity.  Thus adding more inputs actually reduces output.  Second, adding inputs may 
result in no change in outputs, thus factors would be non-productive.  Third, each additional unit 
of an input may slightly raise output.  Thus a 1% increase in inputs raises outputs less than 1%, 
factors are weakly positive.  Fourth, increasing inputs 1% might raise outputs more than 1%.  In 
such a case factors would be positively productive.  Finally, there can be the case where there is 
a decrease in inputs, but outputs increase, thus factors are highly productive.  This occurs under 
conditions of technological change and management improvements that make better use of 
inputs.  
Total factor productivity takes into consideration all of agricultural inputs (land, labor, 
chemical, energy, and capital) used in crop production and compares them with the total amount 
of agricultural output.  TFP differs from measurements in crop yield per hectare because it 
considers land as an input as well as includes prices, costs, and cost shares.  Managers make their 
input usage decisions based on the marginal productivity of one input versus another, as well as 
the relative costs and resulting impacts on revenue.  Therefore TFP analysis better reflects the 
managerial decision model compared with a simple focus on yield per land of unit.  
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1. Methods for Total Factor Productivity Measurement 
1.1. Partial versus Total Productivity Measures 
Two types of productivity measures are partial and multifactor (or TFP) indices.  Partial 
productivity indices relate output to a single input, for example, labor or land (Fuglie 2003; 
Fuglie 2010; Rada and Valdes 2012).  But partial factor measurement disregards the managerial 
allocation problem whereby the manager may change multiple factors simultaneously.  Thus 
results may overstate the overall improvement in efficiency because a lack of consideration of 
changes in other input use.  For example, an increase in crop yield may be caused by applying 
more fertilizer.  Certainly fertilizer might be the only change in input use.  But one can imagine 
that simultaneously the manger may have decreased labor, increased land, or seen a myriad of 
input cost and or output price changes.  As a result, a multifactor index, such as TFP, will relate 
outputs to all of the inputs and will give a better interpretation of a business’ productivity.  
TFP changes over time compares the rate of change in total output with the rate of change 
in total input.  Equation 1 is thus expressed in logarithmic form and the rate of change in TFP is 
the difference in the rate of change in outputs and inputs.   
Eq. (2)  𝑑  ln  (𝑇𝐹𝑃)  𝑑𝑡 =   𝑑  ln  (𝑌)  𝑑𝑡 −   𝑑  ln  (𝑋)  𝑑𝑡  
The change in TFP between period t and t-1 using the number index approach is then defined 
as: 
Eq. (3) ln   𝑇𝐹𝑃!𝑇𝐹𝑃!!! =    𝑅!   ln! 𝑌!,!𝑌!,!!! − 𝑆!! ln 𝑋!,!𝑋!,!!! , 
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where 𝑅! is the revenue share of the 𝑖th output and 𝑆! is the cost-share of the 𝑗th input.  Total 
output growth is estimated by summing over the output growth rates for each commodity 
weighted by its revenue share.   
 When input cost and revenue shares are not available due to a lack of accounting 
information or input price data, econometrically estimated production elasticities (with constant 
returns to scale used) can be used as weights for inputs(Fuglie 2010).  These cost share weights 
become fixed elements in the analysis of factor productivity.  The constant returns to scale is a 
commonly used simplifying assumption in agriculture where the production function contains 
multiple inputs and outputs (Chambers, 1988).  Most analyses of total factor productivity occur 
with national or aggregated datasets.  The constant returns to scale assumption is necessary 
because a returns to scale analysis is not possible.  Economies of scale is a firm-level idea that 
does not apply to nations and requires comparisons among firms to test (Evenson and Fuglie 
2009).  Alternatively we conduct our total factor productivity analysis using firm level data 
involving a cross section of dynamic cost shares.  Therefore firm level analysis of total factor 
productivity becomes richer as it does not require a simplifying assumption with respect to 
returns to scale, revenue shares, and cost shares. 
Also, input growth is calculated by summing the growth rate of each input, weighted by 
its cost share.  TFP growth is the difference between the growth in total output and total input 
(Fuglie 2003; Fuglie 2008; Evenson and Fuglie 2009; Fuglie and Rada 2013).  Changes in TFP 
provide a better representation of the technology and other unmeasured improvements in 
production, for example, improvements in input quality such as seed and fertilizer.  Additionally 
quality changes may change the value proposition for buyers, making price and cost 
determination difficult, which has been a limitation in previous studies (Avila and Evenson 
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2010).  One example is the enhancement of maize seed that contains transgenic technology 
substitutes for chemical insect resistance (Goldsmith 2001). 
 The framework outlined above allows a simple way of breaking down the relative 
contribution of both TFP and inputs to the growth in output.  Using a dot above a variable to 
represent its annual growth rate, output growth is simply the growth in TFP plus the growth rates 
of the inputs multiplied by their respective cost shares (Equation 4).     
Eq. (4)  
Y   =   𝑇𝐹𝑃 + 𝑆!!!!! 𝑋! , 
The 𝑆!𝑋! term reflects the growth in cost from using more of the 𝑗th input to increase output (𝑌) 
weighted by the cost share, where 𝑌 is price of the crop multiplied by quantity.  Analysis can 
also be conducted on a specific input, for example, land (which is represented by 𝑋!), and the 
associated growth in output due to expansion of the input (Equation 5).       
Eq. (5) 
Y   = 𝑋! + 𝑌𝑋! , 
So the change in output (𝑌) is a function of an increase in the input (Land = 𝑋!) plus the increase 
in output per unit of land (yield).  Increasing output by adding land under cultivation reflects 
extensive growth, while increasing yield per unit of land reflects intensive growth.  
The change in output is driven by changes in factor productivity, prices, and costs, in addition to 
changes in input quantities (Equation 6).   
Eq. (6) 
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Y   =   𝑋! + 𝑇𝐹𝑃 + 𝑆!!!!! 𝑋!𝑋! , 
Equation (6), decomposed growth as opposed to simplified output growth, presents a resource 
decomposition of growth because it focuses on the quantity change of a physical source (land) 
rather than its contributions to changes in costs of production.   
1.2. Total Factor Productivity - Tornqvist Index Approach  
 When prices and costs are not available researchers employ the number index approach, 
which holds revenue and cost shares constant over time (see examples Evenson et al.; Fuglie, 
2010; and Equation 3).  A well-known limitation of the number index measure of TFP growth is 
that changes in prices over time can lead to “index number bias” in the measurement of TFP as 
producers change the combination of inputs and outputs in production in response to price 
changes.  
The Tornqvist index approach (Fuglie, 2003) employs dynamic costs and prices, thus is 
more realistic and precise.  The Tornqvist index minimizes the effect of changes in price weights 
on output and input aggregation because weights are able to adjust over time as prices change.  
The Tornqvist index is more intuitive as managers will adjust input quantities based on both 
input cost and output price changes.  It should be noted that some cost shares are partly 
dependent on output prices themselves, since a part of agricultural output is used as inputs (i.e. 
seed and feed) in production.  The Tornqvist index of output for year t is expressed as:  
Eq. (7) 
ln 𝑌!/𝑌!!! =    𝑅!,! + 𝑅!,!!!2!!!! ln 𝑌!,!𝑌!,!!! . 
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where the growth rate of total output 𝑌  between period t and t-1 is the sum of the growth rates of 
n commodities which form total output, each weighted by the average of its revenue shares (R) 
during t and t-1.  This can defined as simplified output growth as it does not incorporate TFP or 
inputs.    
Likewise, the aggregate input index is expressed as 
Eq. (8) 
ln 𝑋!/𝑋!!! =    𝑆!,! + 𝑆!,!!!2!!!! ln 𝑋!,!𝑋!,!!!   , 
where the growth of the total input X  between period t and t-1 is the sum of the growth rates of 
the m categories (inputs), each weighted by the average of its input cost share (S) during these 
periods.   
The change in TFP between period t and t-1 is then defined as: 
Eq. (9) ln   𝑇𝐹𝑃!𝑇𝐹𝑃!!! =   ln 𝑌!𝑌!!! − ln 𝑋!𝑋!!! . 
The TFP value is solved for each farm and each year using the Tornqvist model (Eq. 9) 
using the software R.  R is a language and environment for statistical computing and graphics 
(Anon n.d.).  To calculate total output, 𝑌, Equation 7 is estimated across the number of years 
each farm is in the data set (ranging from 2 to 6 years) for each crop: soybean and maize.  To 
estimate the safrinha cropping total output, the revenues are summed together and from which 
revenue shares are then calculated.  Similarly to calculate total input, 𝑋, Equation 8 is estimated 
across the number of years each farm is in the data set for each input: land, labor, fertilizer, seed, 
pesticide, diesel, and farm machinery expenses.  To estimate the safrinha cropping total input, 
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the costs of production for each input are summed together and from which input costs shares are 
then calculated.   
To create the Tornqvist indices in EXCEL, output, input, and TFP growth rates were used 
from each production system.  The base period (2007) is normalized to 1.00.  To calculate each 
year’s index number (i.e. 2008), the index number of the previous year (i.e. 1.00) is multiplied by 
the inverse of the natural logarithm of the current year’s growth rate (output, input, and TFP).  
The function EXP(number) is the inverse of LN, the natural logarithm of number.   
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Chapter 5. Results 
1. Statistical Overview 
Mato Grosso produces a diverse set of agricultural products.  Crop production is 
dominated by soybeans, but also includes secondary crops such as maize, rice, sorghum, millet 
and other crops.  The second maize crop, safrinha, has been the fastest growing component of 
crop production.  Table 5.1 shows the changing level and composition of the soybean and maize 
output per farm in Mato Grosso from 2007- 2012 in terms of yield, hectares planted, grain price 
received by the farmer, and gross revenue per farm.  Between 2007 and 2012, total production of 
soybean increased from 4,776 tons to 5,258 tons, averaging a 1% growth rate per year (Table 
5.2).  Total maize production increased from 2,811 tons to 4,140 tons, with an average annual 
growth rate of 13%.  This rapid increase in maize production is a result of the maize area planted 
growing at an annual rate of 8% per year from 2007 to 2012.  In the years 2011 and 2012, maize 
production actually outstrips soybean.   As a result of the price of soybean (US$330/mt) being 
almost 2.5 times greater than maize (US$127/mt), soybean is the more lucrative crop with an 
average price growth rate of 7% compared to maize at -3% from 2007-2012.   
The changing level and composition of soybean and maize as a succession cropping 
system is calculated by adding together the cost and returns of production.  Grain yield and area 
planted have increased at an annual growth rate of 2% from 2007-2012, with total grain 
production at a 6% average annual growth rate.  Gross revenue per farm as a succession crop 
production increased at an average annual growth rate of 8%.  These results are achieved by 
planting maize on an average 46% of soybean land from 2007-2012. 
In assessing overall growth of the Mato Grosso soybean and maize succession cropping 
system results show that the greatest change in total production occurred from 2010 to 2011.  
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Soybean yield decreased by 4% from 2010 to 2011.  Maize production increased by 37% as a 
result of a 23% growth rate in maize area planted.  Total grain production had a growth rate of 
17% from 2010 to 2011.  In addition, gross revenue per farm as a succession crop system had the 
largest change from 2010 to 2011 with a 24% growth rate.  This is due to the high price of 
soybean and maize received by the farmer because of the 2012 U.S. drought.   
From 2007-2012, the sample Reference Project farmers plant on average 1,632 ha of 
soybean and 732 ha of maize, on an average 46% of total soybean land.  As a result of Brazil’s 
tropical acidic soil the soybean and maize production systems require higher input rates and 
better input management, especially of fertilizers and machinery (Rada and Valdes 2012; 
Schenpf, Dohlman and Bolling 2001).  Additionally tropical environments, have no freeze 
period, and have extended periods of high moisture and constant high temperatures.  As a result 
these high temperatures, there significant pest pressure and therefore requires aggressive 
management of harmful insects, weeds, and fungi.  As a result fertilizer and pesticide cost per 
hectare are higher in soybean production compared to maize, US$221 and US$159 for soybean 
and US$183 and US$69 for maize, respectively (Table 5.3).  Hence, yield outcomes in tropical 
settings result less from fertile soils and more from input management.  As a succession crop, 
average expenditures on fertilizer and pesticide comprise 53% of the total cost of production, 
amounting to US$404 and US$228 per hectare respectively.  
 Producers report an average cost of land per hectare of US$125.   Due to soybean being 
the larger crop, the cost per hectare of land averages US$30 more than maize.  The price of land 
for soybean and maize is calculated by the cropland share percentage.  For example, if a hectare 
of land costs US$100 and they plant 100% soybean and 100% maize on the hectare, in the 
soybean and maize cost of productions tables the cost of land will be US$50 for each.   
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Looking at seed expenditures, the average cost per hectare of maize seed is US$115; almost 
double the cost of soybean seed.  It is important to note that soybean is a varietal crop, thus 
producers save and process some of their own grain for seed.  Labor, diesel, and machinery costs 
per hectares are almost 1.50 times higher in the soybean production compared to the maize 
production, and are the lowest input cost per hectare categories.  
Examining inputs as a whole, the average cost of aggregate inputs per hectare is US$130 
or 19% more in soybean production, but gross revenue per hectare is about 1.50 times greater for 
soybeans.  Thus producers correctly focus resources on the soybean crop, and limit inputs to the 
maize crop.  This behavior is counter to that of producers in the U.S. that expend 28% more on 
the maize crop than soybean (Montesdeoca and Goldsmith, 2013) 
On average the net return per hectare for soybean is US$401, an estimated 2.50 greater 
net return than maize, which averages US$160 per hectare.  Maize as a low-valued crop receives 
a grain price of US$127 per metric ton, almost 40% of the soybean price received which 
averages US$331 per metric ton.  Maize yields relatively poorly in the tropical setting of Mato 
Grosso.  Average maize yields for the Reference farmers is 40% more than their soybean yields; 
a ratio of 1.69:1.  But the ratio in Illinois in the U.S. is 3.03:1. So Reference Project farmers face 
not only 35% lower maize prices, but also 50% lower maize yields compared with the United 
States.  
Another way to view total grain production as a succession crop system is to look at 
production in terms of starch, protein, and oil output.  Soybean is comprised of 30% starch, 36% 
protein, and 20% oil (Table 5.4).  Maize is made up of 77% starch, 8% protein, and 4% oil 
(Anon n.d.).  As a succession crop production, soybean and maize have produced on average 
5.20 mt/ha of starch, 1.61 mt/ha of protein, and 0.87 mt/ha of oil from 2007-2012 (Table 5.5).  
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At the farm level, from 2007-2012 farms have produced as a succession crop system an average 
4,701 metric tons of starch, 2,224 metric tons of protein, and 1,217 metric tons of oil.  While 
growth of nutrient output per hectare from 2007-2012 appear relatively slow due to the slow 
growth in soybean and maize yield, they are higher at the farm level due to the increase in crop 
area planted.  
2. Tornqvist Index - Output  
The Tornqvist is based on each farm’s annual cost shares and grain prices.  The rapid 
growth in output (gross revenue) from soybean and maize production systems uses price and 
quantity (total production of grain) changes to measure growth.  The Tornqvist index measures 
an average increase in soybean output of 51% across the Reference Project farms between 2007 
and 2012, or 8% per year (Table 5.6).  Rising prices account for about 2/3rds of the increase, 
expanding production of soybean about 1/3rd, and together they compensate for a slight fall in 
yield.  The maize output is greater than that of soybean with a 66% average increase per farm 
from 2007 and 2012, or 9% per year (Table 5.7).  Maize’s output increase reflects a different 
story from soybean.  Maize area planted comprises approximately 2/3rds of the increase, and 
yield 1/3rd, while price actually fell 3%. 
Output increased 53% from 2007 and 2012, or on average 8% per year when combining 
both crops as a succession crop production system.   There is an interesting interplay among 
expanding hectares planted, yield improvement, and price across the two crop system in order to 
achieve output growth.  Reference Project farmers expanded safrinha crop production output by 
increasing hectares planted of both soybean and maize.  But this expansion is not extensive as 
the expanded maize hectares planted occurs on the same land has the soybeans.  This uniquely 
tropical form of intensification plays a major role for farmers seeking to expand gross revenue 
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between the years of 2007-2012.   In terms of traditional measures of output intensification, 
producers incurred negative yield growth in soybean and positive yield growth in maize.  Thus 
succession cropping and higher maize yields leads to greater output per hectare.  Finally, 
succession cropping, higher maize yields, and higher soybean prices compensate for lower 
soybean yields and weaker maize prices to allow producers greater output per year.  
3. Tornqvist Index - Input  
Soybean area planted grew from 1,429 hectares planted in 2007 to 1,710 hectares in 
2012, averaging 1,632 hectares planted per farm over the six year period (Table 5.8).  Soybean 
cropland expands about 3% per year throughout the entire period (Table 5.9).  On that same 
cropland, maize planted increases an average 8% per year.  In general, area of cropland planted 
continues to grow continuously despite the increase in price of land.  The price of land for the 
soybean and maize succession system is determined by the cropland share percentage.  For 
example, if a hectare of land costs US$100 and they plant 100% soybean and 100% maize on the 
hectare, in the soybean and maize cost of productions tables the cost of land will be US$50 for 
each (Table 5.10).  From 2007-2012, the price of land per hectare increases at a rate of 16% per 
year (Table 5.11).  Overall land price has grown continuously over the six-year period except 
from 2008 to 2009 where there was a 23% decrease. 
Farm labor for soybean production mostly decreases over the six-year period with an 
average 5% decrease from 2007-2012.  The number of workers for maize production fluctuated 
from 2007-2012 averaging a -4% growth rate per year.  As a succession cropping system, the 
labor force decreases in 2008, increased from 2009-2011, and decreases again in 2012, resulting 
in a -5% growth rate overall for the six-year period.  The slowdown in labor use can be attributed 
to the rising annual labor wage.  Over the six-year period, the annual labor wage doubles from 
 49 
  
US$4,969 in 2007 to US$10,055 in 2012, growing at an annual rate of 14% per year.  Overall the 
annual labor wage has grown rapidly over the six-year period except from 2008 to 2009 where 
there was a 16% decrease. 
The decline in labor inputs occurs with the intensification of industrial inputs such as 
fertilizer, seed, pesticide, diesel, and machinery.  All other input use growth rates at the farm 
level are all positive due to the increase in soybean area planted and increase of maize land share.  
Pesticide and machinery inputs have the highest overall growth rates from 2007-2012 within the 
safrinha cropping system.  Pesticide input grew at 16% per year and machinery input grew at 
11% per year.  Fertilizer, seed, and diesel followed with the next highest growth rates.  As the 
quantity of inputs has increased over time so too has the price of each input with the exception of 
pesticides, which have decreased at 3% per year from 2007-2012.  The average fertilizer price 
for soybean from 2007-2012 is 76% (US$513) that of the fertilizer price of maize at US$684.  
From 2007-2012 the average price of maize seed was 2.5 times greater, US$2,880 per metric ton, 
than that of soybean seed at US$1,127 per metric ton. As a result farmers face relatively higher 
input costs and lower grain prices for maize, which is only partially compensated for by 
moderately higher yields. 
The Tornqvist index is based on actual factor (cost) shares paid for inputs and input 
quantities per year.  The Tornqvist index measures a 40% increase in total input use in soybean 
production between 2007 and 2012 (Table 5.12).  Similar to the maize output Tornqvist index, 
total input in maize production is greater than that of soybean with a 76% increase from 2007-
2012.  Maize total input use is greatest as a result of the high growth rates in area planted, 
fertilizer, and pesticide quantities at the farm level because maize production requires higher 
levels of fertilization and pesticide use per hectare, compared with soybean.  The Tornqvist index 
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for safrinha production shows a 44% increase from 2007-2012, 4 percentage points more than a 
soybean-only production, when measuring total input use in a succession crop production 
system.  Total input use continuously increases from 2007 to 2012 in the safrinha system as a 
result of the increase cropland planted, other inputs, and input prices. 
4. Tornqvist Index - Total Factor Productivity  
The ratio of the above output and input growth rate indices reflects the index of total factor 
productivity (TFP) for Mato Grosso farms.  The Tornqvist index uses factor shares to weight 
growth of those inputs and outputs.  Soybean production TFP grew by 8% between 2007 and 
2012 (Table 5.13).  Growth in soybean TFP grew rapidly in the first year by 19% in 2008 and 
then rapidly decreased 9% in 2009.  The highest TFP growth rate in soybean production was 
achieved from 2007-2011 with an overall 17% growth as a result of the highest grain production 
and highest price over the six-year period.  Maize production and the succession crop system 
follow similar trends as the soybean production system, as maize TFP decreased by 4% and 
succession crop TFP grew 6% over the six years from 2007-2012.  
4.1. Soybean Production Only 
The average annual growth rate in soybean production is 8% from 2007-2012.  Most of 
the average annual soybean growth rate, approximately 7%, results from the weighted increases 
of inputs.  Total factor productivity contributes approximately 2% to soybean output.  Therefore 
soybean production alone is factor productive.  Pesticides and machinery increase the most on a 
percentage basis, while labor as an input declines (Table 5.14).  The inputs that increase, except 
land, result in lower production as measured by yield.  Therefore, land factor productivity is 
negative, as are pesticides and machinery, while labor productivity dramatically rises.  The 
growth in total soybean output is due almost entirely to increases in land under cultivation and 
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price, while yield decreases.  Land under cultivation and price increases compensate for the 
declines in yield and weak factor productivity.   
Productivity per worker increases by an average 13% per year from 2007-2012, as labor 
inputs decline 5% per year while output grows.  Also land per worker increases by about 8% per 
year, as land expands while labor declines.  Productivity per machine decreases by an average 
2% per year from 2007-2012 as land per machine decreases because machinery input grows 
faster, 10% per year, than land input, 3% per year.  Output growth per metric ton of fertilizer 
increases by approximately 5% per year.  This is due to low annual fertilizer usage growth rate of 
4% compared with the significant output growth of 8%.  Seed factor productivity is 5%, as its 
change in quantity used rises only 3%.  Interestingly the price of seed rises 15% but its cost share 
changes little due to seed being a relatively small component of the input bundle, and significant 
inflation among a number of the other more significant inputs, such as land, labor, and fertilizer.  
Pesticide is the second largest component of the farmer’s input bundle (24%) and underwent a 
slight decrease annually in price per liter (-3%).  Pesticide productivity fell 7% because the 
quantity used dramatically rose 16% per year on average far outstripping output growth.  Finally 
diesel, a fairly minor input, 8% of total costs, saw only a 2% annual increase in price, a moderate 
4% increase in quantity used, and little change in its cost share.  Thus its productivity improved 
4% per year.  
Output growth can be decomposed into the share due to TFP and the share due to using 
other inputs more intensively per unit of land (see previous Equation 6).  In soybean production, 
land usage (extensification) increases at 3% per year, total factor productivity increases at 2% 
per year, and input intensification increases at 6% per year.  Summing the three components 
results in decomposed output growth of 11% per year from 2007-2012 (Table 5.15).  Therefore, 
 52 
  
27% of soybean output growth results from extensification (land expansion) and 73% from 
intensification (land yield growth).   
4.2. Maize Production Only 
The average annual growth rate in maize output from 2007-2012 was 9%, comprising of 
11% annual growth in inputs and an average negative annual TFP growth rate of -2%.  Therefore 
maize production alone is not factor productive, though is expanding over time.  Fertilizer, 
pesticide, and machinery input usage per farm not only increase the most on a percentage basis, 
but also increase faster than maize output (Table 5.16).  Labor inputs on the other hand decline.  
The inputs that increase, with the exception of land, result in higher production as measured by 
yield.  Therefore, land factor productivity, measured by yield is positive, as is labor, while 
fertilizer, pesticide, and machine productivity decline.  So hectares planted and yield drive 
growth in total maize output and compensate for falling maize grain price over the period.  But 
weak factor productivity of key inputs results because falling maize prices and/or only moderate 
growth in hectares planted and yield cause maize output to rise more slowly than the large cost 
categories of fertilizer, pesticide, and machinery input usage.   
Productivity per worker increases by 13% per year over the six-year period, as labor 
inputs decline 4% per year as output increases.  In addition, land per worker increases by 12% 
per year, as land expands and labor declines.  Productivity per machine decreases by an average 
5% per year from 2007-2012 as land per machine decrease because maize land expands 8% per 
year over the period while machinery input use grows at 15% per year.  Productivity per metric 
ton of fertilizer decreases by about 3% per year.  This is due to the high annual fertilizer usage 
growth rate of 13% compared with the output growth of 9 % per year.  Seed factor productivity 
increases by 1% per year, as its input usage rises at 8% per year.  The price of seed grows 11% 
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per year but its cost share changes little because seed is a relatively smaller component among 
the input bundle, and there is significant increase among a number of other important inputs, 
such as land, labor, and fertilizer.  Pesticide productivity decreases at 10% per year as a result of 
the input usage increases on average 19% per year far outstripping output growth.  Lastly diesel, 
one of the smallest inputs, with a 5% cost share, saw only a 2% increase in price, a 6% increase 
in quantity used, and little change in its cost share.  As a result, its productivity improved by 3% 
per year.   
Output growth can be decomposed into extensification, employing more land, the share 
due to TFP, and using inputs more intensively per additional unit of land (see previous Equation 
6).  In maize production, land usage (extensification) increases at 8% per year, but under the 
succession system involves no additional hectares.  TFP decreases at 2% per year.  Finally 
intensification of inputs increases at 10% per year.  Summing the three components results in 
decomposed output growth rate of 16% per year from 2007-2012, where 100% of maize output 
growth results from intensification (land yield growth) and 0% of extensification. 
4.3. Safrinha System 
The average annual growth rate in safrinha output from 2007-2012 was 8%, of which 7% 
was due to increases in total inputs.  Total factor productivity contributes about 1% was because 
of total factor productivity; therefore the soybean-maize succession cropping system is factor 
productive.  In terms of input usage, pesticide and machinery increased the most on a percentage 
basis, while only labor input declines (Table 5.17).  The inputs that increase, except land, result 
in higher production as measured by yield.  Therefore, land factor productivity is positive, as 
well as labor, while only pesticide and machine productivity decline.  The growth in total 
safrinha output is due mostly to increases in land planted, yield, and grain price.   
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Productivity per work increases by 13% per year from 2007-2012, as labor inputs decline 
5% per year as output grows.  Land per worker increases by approximately 8% per year, as land 
input expands while the labor force declines.  Productivity per machine decrease by an average 
3% per year from 2007-2012 as land per machine decreases as a result of machinery input 
growing faster, 11% per year, than land input, 3% per year.  Productivity per metric ton of 
fertilizer increases by approximately 3% per year.  This is due to low annual fertilizer usage 
growth rate of 5% compared with the significant safrinha output growth rate of 8%.  Seed factor 
productivity is 4%, as its change in quantity used rises only 4%.  The price of seed rises 12% but 
its cost share changes little due to seed being a relatively smaller input of the input bundle, and 
significant increase among larger inputs, such as fertilizer and pesticide.  Pesticide is the second 
largest component of the farmer’s input bundle (21%) and underwent a small decrease annually 
in price per liter at 3%.  Productivity per liter of pesticide fell 7% because the quantity used 
increased significantly at 16% per year on average far outstripping output growth.  Finally diesel, 
the smallest input at a 6% cost share, saw only a 2% annual increase in price per liter, a 4% 
increase in quantity used, and little change in its cost share.  Thus its productivity improved 4% 
per year.   
Safrinha output growth can be decomposed into the share due to TFP and the share due to 
using other inputs more intensively per unit of land.  In safrinha production, land usage 
(extensification) increases at 3% per year, total factor productivity increases at 1% per year, and 
input intensification increases at 7% per year.  Summing the three components results in 
decomposed output growth of 8% per year from 2007-2012.  Thus 27% of total soybean output 
growth results from extensification (land expansion) and 73% from intensification (land yield 
growth).   
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4.4. Case Studies 
If examining each farm’s total factor productivity average over the duration of their time 
in the Reference Project, a vast range is evident from -33% to 46% (Figure 5.1).  Farms in the 
sample report observations ranging from two to six years (Figure 5.2).  
4.4.a Farm 17 
The farm with the highest succession crop TFP value was farm 17 with an average annual 
productivity increase of 46% (Table 5.18).  However, the high productivity value results from 
only one pair of annual data and one TFP estimate.  Farm 17 decreased their fertilizer and 
pesticide cost shares by 4% respectively (Appendix D).  Reducing these inputs is critical because 
these two inputs account for over 53% of total costs of production.  Over the two years, farm 17 
planted maize as a second crop on 77% of the total soybean land.  From 2009-2010, farm 17 
produced an average 7,953 metric tons of grain on 1,273 hectares of land, averaging 
US$1,203,299, US$945/ha, gross revenue of US$1,673,639 per year, US$1,315/ha, and a net 
return value of US$470,340, US$369/ha.  Using a Tornqvist index to measure farm 17’s 
productivity, TFP increased by 58% from 2009 to 2010 (Table 5.19). 
4.4.b Farm 28 
At the other end of the spectrum, farm 28 had the lowest succession crop TFP value with 
an average of -0.33 over three years from 2007-2009.  Three years of data produces two TFP 
values for analysis (Appendix E).  Over the three years, farm 28 decreased its total cropland 
planted therefore decreasing its land cost share by an average of 20% per year.  Ceteris paribus, 
decreasing the land base increases output and productivity, and the land cost share is the third 
largest share of the inputs.  But productivity can fall with a shrinking land base if there is an 
offsetting decrease in the combined average soybean and maize yields and/or the similar 
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combined grain prices.  Farm 28 planted an average 54% of soybean land with maize.  Farm 28’s 
combined yield increases at 6% per year.  However, despite their being an average annual 
decrease in the cost shares of land, labor, seed, diesel, and machinery, the overall TFP growth 
was the lowest among the sample farms.  Farm 28 increased the two largest input categories, 
fertilizer and pesticides 40% and 20% per year, respectively.   Farm 28 planted on average 1,180 
hectares and had average grain production of 6,480 metric tons.  The total input costs for farm 28 
averages US$1,217,155 or US$1,031/ha.  Gross revenue is US$1,231,104, US$1,043/ha, and the 
net return value is only US$13,948 or US$12/ha.  The Tornqvist TFP index decreased by 48% 
from 2007-2009 (Table 5.20). 
4.4.c Farm 23 
Farm 23 had the full complement of six years of data and had the highest level of TFP 
growth, at 7% per year from 2007-2012 (Appendix F).  Farm 23’s TFP of 7% is seven times the 
average safrinha TFP for the Reference Project.  Farm 23 planted an average 40% of soybean 
land with maize.   
In 2011 farm 23 planted the most hectares and achieved the highest grain yields over 
their six years in the Reference Project.  Farm 23’s annual TFP value of 7% is a result of both 
high yields leading to an output growth rate of 11% per year and effective resource management 
where input growth is only 4% per year.  Fertilizer cost shares, the most important cost category, 
decreased at an annual rate of 2% per year from 2007-2012.  Fertilizer usage modestly increased 
2% per year, but due to cost management still had positive fertilizer productivity.  
Farm 23 planted on average 1,858 hectares and had average grain production of 10,358 
metric tons. The total input costs over the six-year period averaged at US$1,691,373/farm or 
US$910/ha.  The increase in yield, cropland planted, and grain price results in farm 23’s gross 
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revenue averaging US$2,392,490 per year and US$1,287/ha and a net return value of 
US$701,117 per year and US$377/ha.   Their highest gross revenue and net return occurred in 
2011-2012 crop year, due to the high price of soybean and maize that year as a result of the U.S. 
drought in 2012.  The Tornqvist TFP index increased by 42% over the six years from 2007-2012 
(Table 5.21). 
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5. Tables and Figures 
Table 5.1 Soybean, Maize, and Succession Crop Production - Average Quantities: 2007-2012 
  Average Quantity 
Variable   Soybean Maize Succession 
Grain yield (mt/ha) 3.25 5.50 8.75 
Area planted (ha) 1,632.11 731.63 1,632.11 
Grain production per farm (mt) 5,270.73 4,181.96 9,452.69 
Price per mt (US$) 331.26 127.54 458.80 
Gross revenue per farm (US$) 1,775,472.00 540,691.70 2,316,163.00 
Maize land share (%) - - 0.46 
Observations: 156         
Source: Reference Project and author's calculations.  
  
 
Table 5.2 Soybean, Maize, and Succession Crop Production - Average Growth Rates: 2007-2012 
  Average Growth Rates 
Variable   Soybean Maize Succession 
Grain yield (mt/ha) -0.02 0.04 0.02 
Area planted (ha) 0.03 0.08* 0.03 
Grain production per farm (mt) 0.01 0.13 0.06 
Price per mt (US$) 0.07 -0.03 0.05 
Gross revenue per farm (US$) 0.08 0.09 0.08 
Maize land share (%) - - 0.10 
Observations: 113 
  Source: Reference Project and author’s calculations.  
  * Maize extensification growth rate is 8% however under the succession system maize production involves no 
additional hectares.   
 
 
Table 5.3 Soybean, Maize, and Succession Crop Production Average Costs per Hectare: 2007-2012 
	  	   Average Cost per Hectare 
Variable   Soybean  Maize Succession 
Land (US$/ha) 77.83 47.29 125.12 
Labor (US$/ha) 48.32 29.73 78.04 
Fertilizer (US$/ha) 221.36 182.55 403.90 
Seed (US$/ha) 56.37 115.17 171.53 
Pesticide (US$/ha) 159.24 68.90 228.14 
Diesel (US$/ha) 43.99 28.21 72.19 
Machine (US$/ha) 53.36 34.26 87.62 
Aggregate inputs (US$/ha) 675.96 545.70 927.15 
Gross revenue (US$/ha) 1,077.18 705.70 1,414.37 
Net return (US$/ha) 401.21 160.00 487.22 
Grain price (US$/mt) 331.26 127.54 458.80 
Grain yield (mt/ha) 3.25 5.50 8.75 
Area planted (ha) 1,632.11 731.63 1,632.11 
Observations: 156 
	   	   	   	  Source: Reference Project and author's calculations.  
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Table 5.4 Soybean and Maize Nutrient Output 
    Starch Protein Oil 
Soybean (%) 0.30 0.36 0.20 
Maize (%) 0.77 0.08 0.04 
Source:  http://www.gardeningplaces.com/articles/nutrition-per-hectare1.htm 
 
Table 5.5 Soybean, Maize, and Succession Crop Production Average Nutrient Output: 2007-2012 
  Average Quantity 
    Soybean Maize Succession 
Starch per ha (mt/ha) 0.98 4.23 5.20 
Protein per ha (mt/ha) 1.17 0.44 1.61 
Oil per ha (mt/ha) 0.65 0.22 0.87 
Starch per farm (mt/farm) 1,576.76 3,194.09 4,770.84 
Protein per farm (mt/farm) 1,892.11 331.85 2,223.96 
Oil per farm (mt/farm) 1,051.17 165.93 1,217.10 
Observations: 156 
    Source: Reference Project and author's calculations.  
 
 
Table 5.6 Soybean, Maize, and Succession Crop Production Tornqvist Indices for Agricultural Output: 2007-2012 
  Output 
Year Soybean Maize Succession Crop 
2007 1.00 1.00 1.00 
2008 1.39 1.01 1.30 
2009 1.11 1.07 1.07 
2010 1.29 1.37 1.28 
2011 1.52 2.14 1.63 
2012 1.51 1.66 1.53 
 Source: Reference Project and author’s calculations 
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Table 5.7 Soybean, Maize, and Succession Crop Production Output, Input, and TFP Average Growth Rates: 2007-2012 
Soybean 
Year Obs Output Input TFP 
2008 22 0.33 0.15 0.17 
2009 21 -0.22 0.04 -0.27 
2010 23 0.15 0.04 0.11 
2011 22 0.16 0.03 0.14 
2012 25 -0.01 0.07 -0.08 
2007-2012 113 0.08 0.07 0.02 
Maize 
Year Obs Output Input TFP 
2008 22 0.01 0.07 -0.05 
2009 21 0.05 0.22 -0.17 
2010 23 0.25 -0.03 0.28 
2011 22 0.45 0.27 0.18 
2012 25 -0.25 0.05 -0.30 
2007-2012 113 0.09 0.11 -0.02 
Succession Crop 
Year Obs Output Input TFP 
2008 22 0.26 0.13 0.13 
2009 21 -0.19 0.05 -0.25 
2010 23 0.18 0.03 0.15 
2011 22 0.24 0.09 0.15 
2012 25 -0.07 0.06 -0.12 
2007-2012 113 0.08 0.07 0.01 
   Source: Reference Project and author’s calculations 
 
Table 5.8 Soybean, Maize, and Succession Crop Production Farm Input Usage - Average Quantities: 2007-2012  
  Average Quantity 
 Variable   Soybean Maize Succession 
 Area planted (ha) 1,632.11 731.63     1,632.11  
 No. of workers (person) 10.49 2.69 13.19 
 Fertilizer (mt) 715.73 201.00 916.72 
 Seed (mt) 81.61 29.27 119.87 
 Pesticide (liter) 10,259.33 1,925.27 12,184.61 
 Diesel  (liter) 59,351.50 16,701.55 76,053.05 
 Machine (machine) 27.42 11.23 38.64 
 Observations:156 
Source: Reference Project and author's calculations.  
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Table 5.9 Soybean, Maize, and Succession Crop Production Farm Input Usage – Average Growth Rates: 2007-2012  
  Average Growth Rates 
Variable   Soybean Maize Succession 
Output growth (%) 0.08 0.09 0.08 
Area planted (ha) 0.03 0.08 0.03 
No. of workers (person) -0.05 -0.04 -0.05 
Fertilizer (mt) 0.04 0.13 0.05 
Seed (mt) 0.03 0.08 0.04 
Pesticide (liter) 0.16 0.19 0.16 
Diesel  (liter) 0.04 0.06 0.04 
Machine (machine) 0.10 0.15 0.11 
Observations: 113 
   Source: Reference Project and author’s calculations 
 
Table 5.10 Soybean, Maize, and Succession Crop Production Input Prices– Average Price per Unit: 2007-2012   
  Average Price per Unit 
  Variable   Soybean Maize Succession *Source:  
Grain (US$/mt) 331.26 127.54 484.59 
 Land (US$/ha) 77.83 47.01 124.37 
 Annual labor wage* (US$/person) 7,724.25 7,724.25 7,724.25 IBGE 
Fertilizer (US$/mt) 513.21 683.80 1,197.02 
 Seed (US$/mt) 1,127.33 2,879.19 4,006.52 
 Pesticide* (US$/liter) 26.15 26.14 52.29 CONAB 
Diesel*  (US$/liter) 1.21 1.21 72.19 ANP 
Machine* (US$/tractor/ha) 47.10 20.03 67.13 FGV/IBRE 
Observations: 156 
       Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
 
Table 5.11 Soybean, Maize, and Succession Crop Production Input Prices– Average Growth Rates: 2007-2012   
  Average Growth Rates 
     Soybean Maize Succession *Source:  
Grain (%) 0.07 -0.03 0.05 
 Land (%) 0.17 0.16 0.16 
 Annual labor wage* (%) 0.14 0.14 0.14 IBGE 
Fertilizer (%) 0.09 0.07 0.08 
 Seed (%) 0.15 0.11 0.12 
 Pesticide* (%) -0.03 -0.03 -0.03 CONAB 
Diesel*  (%) 0.02 0.02 0.02 ANP 
Machine* (%) 0.01 0.07 0.03 FGV/IBRE 
Observations: 113 
       Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
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Table 5.12 Soybean, Maize, and Succession Crop Production Tornqvist Indices for Agricultural Input: 2007-2012 
  Input 
  Soybean Maize Succession Crop 
2007 1.00 1.00 1.00 
2008 1.16 1.07 1.14 
2009 1.22 1.33 1.21 
2010 1.27 1.29 1.24 
2011 1.30 1.69 1.36 
2012 1.40 1.76 1.44 
 Source: Reference Project and author’s calculations 
 
Table 5.13 Soybean, Maize, and Succession Crop Production Tornqvist Indices for Total Factor Productivity: 2007-2012 
  TFP 
 
Soybean Maize Succession Crop 
2007 1.00 1.00 1.00 
2008 1.19 0.95 1.14 
2009 0.91 0.80 0.89 
2010 1.02 1.06 1.03 
2011 1.17 1.27 1.20 
2012 1.08 0.94 1.06 
Observations: 113 
  Source: Reference Project and author’s calculations 
 
Table 5.14 Soybean Production Input Productivity – Average Cost Shares and Average Growth Rates: 2007-2012 
Variable   
Cost  
Share 
Input Use 
 Growth Rate 
Input Price 
 Growth Rate 
Productivity  
Growth Rate 
Land (%) 0.13 0.03 0.17 -0.02* 
Labor (%) 0.07 -0.05 0.14 0.13 
Fertilizer (%) 0.33 0.04 0.09 0.05 
Seed (%) 0.08 0.03 0.15 0.05 
Pesticide (%) 0.24 0.16 -0.03 -0.07 
Diesel (%) 0.07 0.04 0.02 0.04 
Machine (%) 0.08 0.10 0.01 -0.02 
 Observations: 113  
 Source: Reference Project and author’s calculations 
 Note: Average annual soybean output growth is 8% from 2007-2012. 
 *Input productivity is the ratio of output per unit of input.  One unit of land is one hectare therefore its productivity 
is yield growth.  
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Table 5.15 Soybean, Maize, and Succession Crop Decomposed Output Growth: 2007-2012 
    Soybean Maize Succession 
Output growth rate (%) 0.11 0.16 0.11 
Extensification growth rate (%) 0.03 0.08* 0.03 
TFP growth rate (%) 0.02 -0.02 0.01 
Intensification growth rate (%) 0.06 0.10 0.07 
Extensification percentage (%) 0.27 0.00 0.27 
Intensification percentage (%) 0.73 1.00 0.73 
  Observations: 113 
  Source: Reference Project and author’s calculations.  
  * Extensification percentage for maize is 0% even though maize extensification growth rate is 8% because under          
the succession system maize production involves no additional hectares.   
 
 
Table 5.16 Maize Production Input Productivity – Average Cost Shares and Average Growth Rates: 2007-2012 
Variable   
Cost  
Share 
Input Use 
 Growth Rate 
Input Price  
Growth Rate 
Productivity  
Growth Rate 
Land (%) 0.16 0.08 0.16 0.04* 
Labor (%) 0.05 -0.04 0.14 0.13 
Fertilizer (%) 0.33 0.13 0.07 -0.03 
Seed (%) 0.13 0.08 0.11 0.01 
Pesticide (%) 0.21 0.19 -0.03 -0.10 
Diesel (%) 0.05 0.06 0.02 0.03 
Machine (%) 0.06 0.15 0.07 -0.05 
Observations: 113  
 Source: Reference Project and author’s calculations 
 Note: Average annual maize output growth is 9% from 2007-2012. 
 *Input productivity is the ratio of output per unit of input.  One unit of land is one hectare therefore its productivity 
is yield growth.  
  
 
5.17 Succession Crop Production Input Productivity – Average Cost Shares and Average Growth Rates: 2007-2012 
Variable   
Cost  
Share 
Input Use  
Growth Rate 
Input Price 
 Growth Rate 
Productivity  
Growth Rate 
Land (%) 0.14 0.03 0.16 0.02* 
Labor (%) 0.07 -0.05 0.14 0.13 
Fertilizer (%) 0.33 0.05 0.08 0.03 
Seed (%) 0.12 0.04 0.12 0.04 
Pesticide (%) 0.21 0.16 -0.03 -0.07 
Diesel (%) 0.06 0.04 0.02 0.04 
Machine (%) 0.08 0.11 0.03 -0.03 
Observations: 113  
 Source: Reference Project and author’s calculations 
 Note: Average annual succession output growth is 8% from 2007-2012. 
 *Input productivity is the ratio of output per unit of input.  One unit of land is one hectare therefore its productivity 
is yield growth.  
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Figure 5.1 Succession Crop Farmers’ Average TFP Growth: 2007-2012 
 
Source: Reference Project and author’s calculations 
Yellow dots represent farmers in the case studies.  
 
Figure 5.2 Histogram of Succession Crop Farm Observations by Year: 2007-2012 
 
  Source: Reference Project and author’s calculations 
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Table 5.18 Farm Case Studies: 2007-2012 
    
Average  
Farm Farm 17 Farm 28 Farm 23 
TFP growth rate (%) 0.01 0.46 -0.33 0.07 
Area planted (ha) 1,632.11 1,273.00 1,180.00 1,858.42 
Grain  (mt) 9,452.69 7,953.16 6,480.53 10,358.76 
Yield (mt/ha) 8.75 7.07 7.72 9.17 
Total input (US$/ha) 927.15 945.25 1,031.49 910.11 
Gross revenue (US$/ha) 1,414.37 1,314.72 1,043.31 1,287.38 
Net revenue  (US$/ha) 487.22 369.47 11.82 377.27 
Maize share (%) 0.46 0.77 0.54 0.40 
Source: Reference Project and author’s calculations. 
 
Table 5.19 Farm 17 Succession Crop Tornqvist Index: 2009-2010 
   Output Input TFP 
2009 1.00 1.00 1.00 
2010 1.65 1.04 1.58 
Source: Reference Project and author’s calculations. 
 
Table 5.20 Farm 28 Succession Crop Tornqvist Index: 2007-2009 
  Output Input TFP 
2007 1.00 1.00 1.00 
2008 1.25 1.25 1.00 
2009 0.93 1.79 0.52 
Source: Reference Project and author’s calculations. 
 
Table 5.21 Farm 23 Succession Crop Tornqvist Index: 2007-2012 
  Output Input TFP 
2007 1.00 1.00 1.00 
2008 1.03 1.08 0.95 
2009 1.06 1.15 0.92 
2010 1.31 1.15 1.14 
2011 1.95 1.22 1.60 
2012 1.73 1.22 1.42 
Source: Reference Project and author’s calculations. 
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Chapter 6. Conclusion 
The primary objective of this thesis is to better understand and examine the production 
economics of the safrinha cropping system employed by Mato Grosso, which is necessary to 
evaluate farm management and investment.  This research is necessary as the tension between 
producing more food to meet the growing population and reducing the impact on the world’s 
natural resources reflects a significant challenge for global agribusiness in general, particularly in 
Brazil.  This type of research could also be important for the low latitude regions of the world as 
they could potentially deliver a significant increase in grain supplies through safrinha cropping 
systems that are unavailable to sub-tropical and temperate farmers.   
This paper measures changes in agricultural total factor productivity from the tropical 
soybean-maize succession cropping system in Mato Grosso from 2007 to 2012 using data from 
43 different farms.  Such analysis cannot be based on costs of production alone or national or 
state aggregated data.  As mentioned in the literature and results, there has been a large lack of 
reliable and available farm level data needed to properly measure total factor productivity, 
especially with respect to tropical production systems.  Recent improvements in data series for 
Mato Grosso agricultural provide an opportunity to examine the productivity performance of the 
tropical succession crop system.  The Reference Project formalizes and standardizes financial 
and production data collection, thus making total factor productivity possible for soybean, maize 
and succession cropping systems.  Such data collection is not common in most agricultural 
investment settings, especially in developing countries.   
The second objective of this research is to analyze the input and output factors driving 
total factor productivity.  By constructing a Tornqvist index of output, input, and total factor 
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productivity growth this research is able to minimize the bias inherent in index measures when 
price weights change over time.  Total output increases and total factor productivity increase by 
51% and an 8%, respectively, for soybean production systems from 2007-2012.  Therefore 
soybean production alone is factor productive.  
Maize as a single production alone is not factor productive with a TFP of -6%.  Despite 
its 66% growth in total output from 2007 to 2012, input utilization rose 76%.  Maize hectares 
rose 8% per year and yields increased 4% per year, but prices fell 3% per year.   Maize being an 
input intensive crop saw fertilizer, pesticide and seed use rise respectively 13%, 19%, and 8% 
per year.  Additionally, these three input categories also have the largest cost shares. Combining 
soybean and maize production though the safrinha succession cropping achieves a total output 
growth of 53% and a 6% increase in total factor productivity from 2007 to 2012.  Brazil’s 
national average farm TFP annual growth increases at a rate of 2.55% from 1985-2005 (Rada 
and Valdes, 2012), which compares to Reference farmer TFP rates of 1.62%, -1.55%, and 1.22% 
for soybean, maize, and succession cropping, respectively.  The fact that Mato Grosso’s TFP, 
specifically soybean, maize, and safrinha lag overall Brazil makes sense.  Growth in Mato 
Grosso safrinha is really an extensification story, where “new found” land allowed farmers to 
expand output, and not an intensification story driven by yield growth or economization of 
inputs.  Other parts of Brazil, for example southern Brazil, are more land constrained and 
therefore must achieve yield growth or economize on inputs to increase farm output.  
In the Reference Project sample, the recurring input drivers affecting total factor 
productivity are fertilizer and pesticide.  In terms of total output, high output is positively 
influenced by higher maize yields and soybean prices, which offset lower soybean yields and 
maize prices. The 11% annual decomposed growth in total safrinha output reflects a 27% 
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extensification component due to a 3% annual increase in the land base, and 73% from 
intensification comprised of a 1% growth in TFP and a 7% annual increase in inputs. 
Limitations and Further Research 
 These results motivate the importance of input resource efficiency, output growth, and 
total factor productivity, for investors and policy makers to understand the potential of tropical 
production systems.  Farm level data though can be difficult to obtain.  Single farm data may be 
highly detailed but obviously not necessarily generalizable.   National data often omits key 
details, such as costs, cost shares, input quantities, and usage rates over time, that are necessary 
for a true understanding of productivity.  Additionally national data, as we found in Brazil, 
involve significant aggregation across farms and crops.   
Developing countries are undergoing some of the fastest growth rates in agricultural 
output, thus are the most dynamic settings in the world.  Often these agricultural systems differ 
from those traditionally found in the temperate and semi-tropic regions of the world.  Research is 
sorely needed to better understand the production dynamics of the new growth regions, but data 
are lacking. Finding dependable farm level data used to be more of a challenge in Brazil, 
however, the commitment of farmers, farmers association, agencies, and institutional 
organizations in Mato Grosso recognizes the importance of farm level data.  For example the 
state cost of production data sets produced by IMEA and the Reference Project are significantly 
more comparable to each other than the outlying data set from the national agency, CONAB.  
The data set used in this research is rather small nevertheless there is hope that it will 
increase in number and quantity of observations over time.  Aprosoja, the corn and soybean 
association of Mato Grosso could achieve improved policymaking from a more developed and 
stable Reference Project data set.  Farms in Mato Grosso reflect great differences in farming 
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management practices and outputs across farm enterprises.  Therefore methods such as total 
factor productivity measurement and Tornqvist indices help capture agricultural changes that 
vary greatly across farm businesses.   
 For long-term sustainable agricultural growth in Mato Grosso it is important to increase 
productivity-enhancing investment in the agricultural sectors.  Studying the costs of production 
and total factor productivity of succession farms brings a better understanding as to the real 
performance of a particular farm enterprise.  Costs of production and total factor productivity 
analysis are especially important for agricultural investors because the range of practice across 
farms is so great.  There are obviously many ways to achieve high output and total factor 
productivity.  The challenge then is to obtain detailed farm level data across relevant comparable 
farms and over a relevant time-period.  Agricultural production practices are not essentially 
stable across short time frames and often differ because of time-based factors.  This research 
only covered six years, a relatively short timeframe.   
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Appendix A  
Annual Soybean Summary Statistics for Mato Grosso  
Comparison of Average Annual Soybean Cost Shares per Hectare: 2007-2012 
Reference Project  	   	   	   	   	   	   	  
	  	   	  	   Average Cost Share 
Variable   2007 2008 2009 2010 2011 2012 2007-2012 
Land cost share (%) 0.10 0.11 0.10 0.10 0.12 0.15 0.11 
Labor cost share (%) 0.08 0.06 0.07 0.08 0.08 0.06 0.07 
Fertilizer cost share (%) 0.31 0.35 0.33 0.31 0.33 0.33 0.33 
Seed cost share (%) 0.07 0.08 0.09 0.09 0.09 0.09 0.08 
Pesticide cost share (%) 0.26 0.23 0.22 0.24 0.23 0.25 0.24 
Diesel cost share (%) 0.08 0.07 0.06 0.06 0.06 0.06 0.07 
Machine cost share (%) 0.09 0.09 0.09 0.08 0.07 0.06 0.08 
	   	   	   	   	   	   	   	   	  
IMEA  	   	   	   	   	   	   	  
Variable   2007 2008 2009 2010 2011 2012 2007-2012 
Land cost share (%) - 0.20 0.20 0.19 0.23 0.25 0.21 
Labor cost share (%) - 0.02 0.02 0.03 0.02 0.03 0.02 
Fertilizer cost share (%) - 0.42 0.38 0.39 0.42 0.37 0.40 
Seed cost share (%) - 0.05 0.09 0.10 0.08 0.07 0.08 
Pesticide cost share (%) - 0.27 0.27 0.27 0.22 0.25 0.25 
Diesel cost share (%) - - - - - - - 
Machine cost share (%) - 0.04 0.03 0.04 0.03 0.03 0.04 
 
 
CONAB  	   	   	   	   	   	   	  
Variable   2007 2008 2009 2010 2011 2012 2007-2012 
Land cost share (%) 0.18 0.13 0.14 0.17 0.30 0.30 0.20 
Labor cost share (%) 0.06 0.04 0.05 0.07 0.06 0.06 0.06 
Fertilizer cost share (%) 0.42 0.53 0.41 0.41 0.35 0.37 0.42 
Seed cost share (%) 0.06 0.06 0.07 0.10 0.08 0.07 0.07 
Pesticide cost share (%) 0.20 0.16 0.26 0.17 0.12 0.12 0.17 
Diesel cost share (%) - - - - - - - 
Machine cost share (%) 0.09 0.08 0.08 0.09 0.09 0.08 0.08 
 Source: Reference Project, IMEA, CONAB and author’s calculations.  
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Soybean Production Average Costs and Returns per Ha: 2007 – 2012 
 
2007 - 2012       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 77.83 25.80 0.33 14.94 155.74 
Labor cost per ha  (US$/ha) 48.32 21.40 0.44 13.02 105.52 
Fertilizer cost per ha  (US$/ha) 221.36 76.58 0.35 15.79 512.59 
Seed cost per ha  (US$/ha) 56.37 21.21 0.38 15.26 169.16 
Defensive cost per ha  (US$/ha) 159.24 47.96 0.30 61.68 267.40 
Diesel cost per ha  (US$/ha) 43.99 13.53 0.31 19.73 114.78 
Machine cost per ha  (US$/ha) 53.36 27.70 0.52 1.76 151.77 
Aggregate input cost per ha (US$/ha) 675.96 148.25 0.22 376.39 1,250.88 
Gross revenue per ha (US$/ha) 1,077.18 239.31 0.22 662.68 1,652.35 
Net return per ha (US$/ha) 401.21 193.26 0.48 -152.17 1,020.92 
Grain price per metric ton (US$/mt) 331.26 65.15 0.20 211.74 505.51 
Grain yield per ha (mt/ha) 3.25 0.31 0.09 1.82 4.04 
Area planted (ha) (ha) 1,632.11 921.05 0.56 385.00 5,921.00 
Observations: 156       
       
2007       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 48.75 19.96 0.41 28.95 116.40 
Labor cost per ha  (US$/ha) 41.71 19.18 0.46 13.02 82.44 
Fertilizer cost per ha  (US$/ha) 155.32 41.10 0.26 61.70 287.78 
Seed cost per ha  (US$/ha) 35.26 20.59 0.58 20.41 91.86 
Defensive cost per ha  (US$/ha) 130.32 55.10 0.42 61.68 256.49 
Diesel cost per ha  (US$/ha) 41.87 12.68 0.30 19.73 65.65 
Machine cost per ha  (US$/ha) 43.52 16.85 0.39 18.07 81.16 
Aggregate input cost per ha (US$/ha) 507.90 80.46 0.16 376.39 694.73 
Gross revenue per ha (US$/ha) 874.27 143.79 0.16 716.25 1,264.95 
Net return per ha (US$/ha) 366.37 146.79 0.40 152.09 723.08 
Grain price per metric ton (US$/mt) 262.59 38.36 0.15 211.74 348.47 
Grain yield per ha (mt/ha) 3.33 0.24 0.07 2.78 3.75 
Area planted (ha) (ha) 1,429.41 1,150.91 0.81 385.00 5,921.00 
Observations: 22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
       
 77 
  
2008       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 78.33 12.77 0.16 51.15 130.81 
Labor cost per ha  (US$/ha) 47.30 19.02 0.40 20.42 84.61 
Fertilizer cost per ha  (US$/ha) 257.31 105.97 0.41 51.62 512.59 
Seed cost per ha  (US$/ha) 55.67 18.60 0.33 15.26 98.53 
Defensive cost per ha  (US$/ha) 170.91 54.91 0.32 85.04 267.40 
Diesel cost per ha  (US$/ha) 52.23 10.45 0.20 33.48 69.42 
Machine cost per ha  (US$/ha) 67.11 30.36 0.45 21.34 134.95 
Aggregate input cost per ha (US$/ha) 733.47 150.44 0.21 528.42 1,066.18 
Gross revenue per ha (US$/ha) 1,107.69 204.63 0.18 680.32 1,464.58 
Net return per ha (US$/ha) 374.22 178.25 0.48 -64.66 712.33 
Grain price per metric ton (US$/mt) 348.08 44.76 0.13 235.83 426.99 
Grain yield per ha (mt/ha) 3.18 0.39 0.12 1.82 3.73 
Area planted (ha) (ha) 1,682.94 1,109.98 0.66 443.00 5,288.00 
Observations: 25       
       
2009       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 63.82 22.23 0.35 14.94 155.74 
Labor cost per ha  (US$/ha) 43.52 20.17 0.46 17.94 87.70 
Fertilizer cost per ha  (US$/ha) 212.43 79.15 0.37 111.70 492.59 
Seed cost per ha  (US$/ha) 55.69 13.61 0.24 30.44 71.78 
Defensive cost per ha  (US$/ha) 139.69 42.02 0.30 75.62 216.33 
Diesel cost per ha  (US$/ha) 41.10 12.20 0.30 23.60 75.43 
Machine cost per ha  (US$/ha) 57.27 31.92 0.56 1.76 151.77 
Aggregate input cost per ha (US$/ha) 636.44 159.10 0.25 432.85 1,250.88 
Gross revenue per ha (US$/ha) 882.51 185.63 0.21 662.68 1,464.58 
Net return per ha (US$/ha) 246.06 163.89 0.67 -152.17 672.91 
Grain price per metric ton (US$/mt) 274.23 51.73 0.19 219.43 426.99 
Grain yield per ha (mt/ha) 3.21 0.20 0.06 2.72 3.51 
Area planted (ha) (ha) 1,544.24 793.95 0.51 446.00 3,997.50 
Observations: 28       
2010       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 68.19 13.88 0.20 27.66 101.44 
Labor cost per ha  (US$/ha) 53.32 19.85 0.37 27.07 90.41 
Fertilizer cost per ha  (US$/ha) 204.30 31.97 0.16 153.46 293.63 
Seed cost per ha  (US$/ha) 56.32 14.33 0.25 31.30 77.79 
Defensive cost per ha  (US$/ha) 155.76 36.30 0.23 88.78 223.20 
Diesel cost per ha  (US$/ha) 39.95 9.77 0.24 22.95 66.41 
Machine cost per ha  (US$/ha) 53.26 28.02 0.53 1.80 117.73 
Aggregate input cost per ha (US$/ha) 661.13 135.58 0.21 517.38 1,250.88 
Gross revenue per ha (US$/ha) 1,093.49 197.38 0.18 718.69 1,464.58 
Net return per ha (US$/ha) 432.36 172.89 0.40 196.84 817.67 
Grain price per metric ton (US$/mt) 325.73 37.89 0.12 275.36 426.99 
Grain yield per ha (mt/ha) 3.35 0.37 0.11 2.61 4.04 
Area planted (ha) (ha) 1,666.89 827.67 0.50 395.00 4,025.00 
Observations: 27       
 78 
  
       
2011       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 88.69 13.79 0.16 42.33 107.16 
Labor cost per ha  (US$/ha) 56.33 25.01 0.44 15.73 105.52 
Fertilizer cost per ha  (US$/ha) 234.85 65.91 0.28 15.79 325.24 
Seed cost per ha  (US$/ha) 64.06 20.22 0.32 26.57 106.92 
Defensive cost per ha  (US$/ha) 161.65 37.08 0.23 81.60 224.16 
Diesel cost per ha  (US$/ha) 44.23 14.01 0.32 23.05 77.83 
Machine cost per ha  (US$/ha) 50.67 27.37 0.54 1.78 131.66 
Aggregate input cost per ha (US$/ha) 713.16 94.73 0.13 521.35 911.97 
Gross revenue per ha (US$/ha) 1,231.73 224.66 0.18 760.10 1,652.35 
Net return per ha (US$/ha) 518.57 202.14 0.39 179.48 1,020.92 
Grain price per metric ton (US$/mt) 381.45 52.35 0.14 291.22 505.51 
Grain yield per ha (mt/ha) 3.22 0.29 0.09 2.25 3.72 
Area planted (ha) (ha) 1,727.60 836.87 0.48 484.75 4,030.00 
Observations: 29       
       
2012       
Variable   Mean Std. Dev. Coeff. Var. Min Max 
Land cost per ha  (US$/ha) 116.40 0.00 0.00 116.40 116.40 
Labor cost per ha  (US$/ha) 45.83 21.89 0.48 13.25 87.58 
Fertilizer cost per ha  (US$/ha) 256.30 68.43 0.27 149.46 444.10 
Seed cost per ha  (US$/ha) 67.53 25.86 0.38 32.17 169.16 
Defensive cost per ha  (US$/ha) 195.92 37.23 0.19 126.14 250.61 
Diesel cost per ha  (US$/ha) 44.92 18.16 0.40 20.90 114.78 
Machine cost per ha  (US$/ha) 47.13 23.70 0.50 2.13 112.17 
Aggregate input cost per ha (US$/ha) 783.49 98.34 0.13 619.14 974.02 
Gross revenue per ha (US$/ha) 1,246.34 167.82 0.13 963.29 1,624.98 
Net return per ha (US$/ha) 462.85 169.36 0.37 229.39 826.55 
Grain price per metric ton (US$/mt) 386.50 41.06 0.11 293.46 475.14 
Grain yield per ha (mt/ha) 3.23 0.30 0.09 2.55 3.85 
Area planted (ha) (ha) 1,709.72 866.80 0.51 390.00 3,920.00 
Observations: 25 
Source: Reference Project  and author’s calculations.  
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Soybean Production Average Costs and Returns per Farm: 2007 – 2012 
 
2007-2012       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 142,956.40 97,315.80 0.68 13,672.88 607,761.90 
Labor cost per farm (US$) 77,605.47 51,911.94 0.67 7,448.00 294,861.00 
Fertilizer cost per farm (US$) 364,721.50 254,478.30 0.70 22,574.84 1,724,335.00 
Seed cost per farm (US$) 97,140.36 75,099.62 0.77 11,272.46 405,258.60 
Defensive cost per farm (US$) 264,430.70 171,795.70 0.65 37,019.12 912,434.90 
Diesel cost per farm (US$) 72,292.33 49,129.65 0.68 12,506.94 288,841.10 
Machine cost per farm (US$) 87,798.21 71,839.16 0.82 2,352.00 422,488.00 
Aggregate input cost per 
farm (US$) 1,123,820.00 719,412.30 0.64 187,405.10 3,610,289.00 
Gross revenue per farm (US$) 1,775,472.00 1,117,277.00 0.63 308,984.70 6,369,917.00 
Net return per farm (US$) 651,651.50 500,784.20 0.77 
-
179,562.10 2,910,640.00 
Grain price per metric ton (US$) 331.26 65.15 0.20 211.74 505.51 
Grain yield per ha (mt/ha) 3.25 0.31 0.09 1.82 4.04 
Area planted (ha) 1,632.11 921.05 0.56 385.00 5,921.00 
Total grain production (mt) (mt) 5,270.73 2,968.44 0.56 1,283.10 19,302.46 
Observations: 156       
       
2007       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 80,879.67 61,151.50 0.76 13,672.88 306,293.30 
Labor cost per farm (US$) 56,833.23 42,190.13 0.74 8,532.00 148,300.00 
Fertilizer cost per farm (US$) 219,680.90 170,388.10 0.78 56,420.52 744,131.10 
Seed cost per farm (US$) 50,222.01 43,635.31 0.87 11,431.28 181,298.10 
Defensive cost per farm (US$) 175,671.00 126,472.50 0.72 38,249.51 563,980.00 
Diesel cost per farm (US$) 53,558.76 29,776.91 0.56 18,544.68 116,830.80 
Machine cost per farm (US$) 57,568.91 40,593.05 0.71 18,338.00 184,168.00 
Aggregate input cost per 
farm (US$) 694,414.50 456,992.90 0.66 187,405.10 2,228,597.00 
Gross revenue per farm (US$) 1,243,046.00 941,991.30 0.76 308,984.70 4,552,099.00 
Net return per farm (US$) 548,631.90 514,878.30 0.94 109,969.50 2,323,502.00 
Grain price per metric ton (US$) 262.59 38.36 0.15 211.74 348.47 
Grain yield per ha (mt/ha) 3.33 0.24 0.07 2.78 3.75 
Area planted (ha) 1,429.41 1,150.91 0.81 385.00 5,921.00 
Total grain production (mt) (mt) 4,776.44 3,796.61 0.79 1,339.80 19,302.46 
Observations: 22       
 
 
 
 
 
 
 
 
      
 80 
  
 
 
2008       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 137,947.10 88,342.62 0.64 40,091.63 402,285.70 
Labor cost per farm (US$) 74,989.44 50,619.07 0.68 17,903.00 221,580.50 
Fertilizer cost per farm (US$) 448,967.20 385,560.60 0.86 68,654.20 1,724,335.00 
Seed cost per farm (US$) 104,958.30 97,595.27 0.93 11,272.46 405,258.60 
Defensive cost per farm (US$) 289,065.30 185,597.40 0.64 37,671.30 663,216.80 
Diesel cost per farm (US$) 89,789.06 65,351.59 0.73 24,154.29 288,841.10 
Machine cost per farm (US$) 111,285.50 87,560.04 0.79 21,661.00 376,081.00 
Aggregate input cost per 
farm (US$) 1,257,002.00 868,433.90 0.69 271,395.90 3,610,289.00 
Gross revenue per farm (US$) 1,903,243.00 1,370,715.00 0.72 389,205.50 6,170,369.00 
Net return per farm (US$) 646,241.30 574,978.70 0.89 -75,004.38 2,560,080.00 
Grain price per metric ton (US$) 348.08 44.76 0.13 235.83 426.99 
Grain yield per ha (mt/ha) 3.18 0.39 0.12 1.82 3.73 
Area planted (ha) 1,682.94 1,109.98 0.66 443.00 5,288.00 
Total grain production (mt) (mt) 5,359.07 3,678.87 0.69 1,351.15 17,661.92 
Observations: 25       
       
2009       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 102,010.40 59,927.70 0.59 26,255.51 269,050.30 
Labor cost per farm (US$) 69,148.73 49,057.43 0.71 8,002.00 221,580.50 
Fertilizer cost per farm (US$) 340,918.60 242,877.80 0.71 77,553.63 1,219,765.00 
Seed cost per farm (US$) 89,797.33 59,484.57 0.66 15,826.98 286,611.20 
Defensive cost per farm (US$) 228,537.40 158,358.10 0.69 37,019.12 753,080.30 
Diesel cost per farm (US$) 66,796.78 46,141.54 0.69 12,506.94 181,158.90 
Machine cost per farm (US$) 86,375.67 64,914.42 0.75 2,379.00 269,681.00 
Aggregate input cost per 
farm (US$) 1,031,496.00 716,398.50 0.69 250,326.20 3,276,048.00 
Gross revenue per farm (US$) 1,398,732.00 893,367.80 0.64 331,896.40 3,956,077.00 
Net return per farm (US$) 367,236.00 283,910.50 0.77 
-
179,562.10 1,095,716.00 
Grain price per metric ton (US$) 274.23 51.73 0.19 219.43 426.99 
Grain yield per ha (mt/ha) 3.21 0.20 0.06 2.72 3.51 
Area planted (ha) 1,544.24 793.95 0.51 446.00 3,997.50 
Total grain production (mt) (mt) 4,947.30 2,480.57 0.50 1,342.46 11,972.51 
Observations: 28       
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2010       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 132,038.40 65,131.14 0.49 22,416.25 292,376.00 
Labor cost per farm (US$) 86,422.88 50,484.72 0.58 19,925.00 221,580.50 
Fertilizer cost per farm (US$) 333,269.20 154,101.40 0.46 82,142.30 739,307.20 
Seed cost per farm (US$) 94,935.69 55,301.88 0.58 27,337.00 223,641.10 
Defensive cost per farm (US$) 264,753.10 161,863.70 0.61 58,999.06 833,317.50 
Diesel cost per farm (US$) 68,527.15 41,395.76 0.60 13,564.62 173,916.90 
Machine cost per farm (US$) 89,829.47 68,106.34 0.76 2,352.00 269,681.00 
Aggregate input cost per 
farm (US$) 1,117,591.00 662,582.60 0.59 261,958.60 3,276,048.00 
Gross revenue per farm (US$) 1,771,343.00 845,729.80 0.48 546,653.10 3,835,724.00 
Net return per farm (US$) 653,751.10 333,311.60 0.51 230,112.50 1,929,706.00 
Grain price per metric ton (US$) 325.73 37.89 0.12 275.36 426.99 
Grain yield per ha (mt/ha) 3.35 0.37 0.11 2.61 4.04 
Area planted (ha) 1,666.89 827.67 0.50 395.00 4,025.00 
Total grain production (mt) (mt) 5,469.78 2,536.84 0.46 1,402.25 11,511.50 
Observations: 27       
       
2011       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 177,157.30 97,156.37 0.55 32,668.33 391,730.50 
Labor cost per farm (US$) 96,148.79 62,519.55 0.65 14,471.00 294,861.00 
Fertilizer cost per farm (US$) 400,963.50 224,936.40 0.56 22,574.84 1,052,512.00 
Seed cost per farm (US$) 116,455.30 85,967.48 0.74 23,129.56 343,103.40 
Defensive cost per farm (US$) 281,197.30 161,147.30 0.57 66,950.03 760,219.20 
Diesel cost per farm (US$) 77,603.64 50,733.83 0.65 22,971.41 249,748.50 
Machine cost per farm (US$) 91,962.29 80,441.35 0.87 2,365.50 422,488.00 
Aggregate input cost per 
farm (US$) 1,241,488.00 672,517.50 0.54 334,399.30 2,964,276.00 
Gross revenue per farm (US$) 2,108,084.00 1,088,737.00 0.52 489,494.80 5,239,647.00 
Net return per farm (US$) 866,595.60 511,140.50 0.59 155,095.50 2,313,134.00 
Grain price per metric ton (US$) 381.45 52.35 0.14 291.22 505.51 
Grain yield per ha (mt/ha) 3.22 0.29 0.09 2.25 3.72 
Area planted (ha) 1,727.60 836.87 0.48 484.75 4,030.00 
Total grain production (mt) (mt) 5,493.46 2,622.04 0.48 1,680.87 11,888.50 
Observations: 29       
       
  
 82 
  
2012       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 220,570.90 130,770.20 0.59 51,281.38 607,761.90 
Labor cost per farm (US$) 76,939.59 47,604.91 0.62 7,448.00 189,200.00 
Fertilizer cost per farm (US$) 426,698.70 242,937.60 0.57 173,197.40 1,059,824.00 
Seed cost per farm (US$) 118,810.50 78,917.23 0.66 20,616.57 331,556.80 
Defensive cost per farm (US$) 338,307.50 199,734.60 0.59 75,926.76 912,434.90 
Diesel cost per farm (US$) 75,341.43 50,516.62 0.67 20,900.88 263,941.40 
Machine cost per farm (US$) 85,481.79 73,900.24 0.86 2,469.00 325,345.00 
Aggregate input cost per 
farm (US$) 1,342,150.00 749,072.30 0.56 374,955.00 3,459,278.00 
Gross revenue per farm (US$) 2,156,812.00 1,274,141.00 0.59 464,418.10 6,369,917.00 
Net return per farm (US$) 814,661.30 594,643.80 0.73 89,463.03 2,910,640.00 
Grain price per metric ton (US$) 386.50 41.06 0.11 293.46 475.14 
Grain yield per ha (mt/ha) 3.23 0.30 0.09 2.55 3.85 
Area planted (ha) 1,709.72 866.80 0.51 390.00 3,920.00 
Total grain production (mt) (mt) 5,506.24 2,886.20 0.52 1,283.10 13,406.40 
Observations: 25       
Source: Reference Project  and author’s calculations.  
 
Soybean Production - Average Quantities: 2007-2012 
  Average Quantity 
    2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Soybean yield (mt/ha) 3.33 3.18 3.21 3.35 3.22 3.23 3.25 
Soybean ha planted (ha) 1,429.41 1,682.94 1,544.24 1,666.89 1,727.60 1,709.72 1,632.11 
Soybean production per farm (mt) 4,776.44 5,359.07 4,947.30 5,469.78 5,493.46 5,506.24 5,270.73 
Price per mt (US$) 262.59 348.08 274.23 325.73 381.45 386.50 331.26 
Gross revenue per farm (US$) 1,243,046.00 1,903,243.00 1,398,732.00 1,771,343.00 2,108,084.00 2,156,812.00 1,775,472.00 
Source: Reference Project  and author’s calculations.  
 
 
Annual Soybean Nutrient Output: 2007-2012 
  Average Quantity 
    2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Starch per ha (mt/ha) 1.00 0.96 0.96 1.00 0.97 0.97 0.98 
Protein per ha (mt/ha) 1.20 1.14 1.16 1.20 1.16 1.16 1.17 
Oil per ha (mt/ha) 0.67 0.64 0.64 0.67 0.64 0.65 0.65 
Starch per farm (mt/farm) 1,432.93 1,606.23 1,482.56 1,639.33 1,648.00 1,651.48 1,576.76 
Protein per farm (mt/farm) 1,719.52 1,927.48 1,779.07 1,967.20 1,977.60 1,981.78 1,892.11 
Oil per farm (mt/farm) 955.29 1,070.82 988.37 1,092.89 1,098.67 1,100.99 1,051.17 
Source: Reference Project  and author’s calculations.  
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Average Inputs Usage in Soybean Production per Farm – Annual Quantities: 2007-2012  
  Average Quantity 
  Year 2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Area planted (ha)   1,429.41    1,682.94    1,544.24    1,666.89    1,727.60    1,709.72       1,632.11  
No. of workers (person) 11.44 10.89 10.81 11.20 10.40 8.27 10.49 
Fertilizer (mt) 671.04 693.66 703.42 735.77 711.83 773.79 715.73 
Seed (mt) 71.47 84.15 77.21 83.34 86.38 85.49 81.61 
Pesticide (liter) 6,123.07 9,966.73 8,636.82 10,692.39 11,596.96 13,989.70 10,259.33 
Diesel  (liter) 49,591.44 73,185.47 56,861.48 54,861.40 58,473.08 62,763.46 59,351.50 
Machine (machine) 21.49 33.61 28.58 29.65 25.57 24.86 27.42 
Source: Reference Project  and author’s calculations.  
 
 
Average Inputs Usage in Soybean Production per Farm – Annual Growth Rates: 2007-2012  
  Average Growth Rates 
  Year 2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs - 22 21 23 22 25 113 
Area planted (%) - 0.10 0.02 -0.02 0.05 0.01 0.03 
No. of workers (%) - 0.03 -0.02 -0.02 0.05 -0.26 -0.05 
Fertilizer (%) - -0.06 0.12 0.05 -0.13 0.18 0.04 
Seed (%) - 0.10 0.02 -0.02 0.05 0.01 0.03 
Pesticide (%) - 0.40 -0.04 0.16 0.09 0.15 0.16 
Diesel  (%) - 0.21 -0.16 -0.04 0.09 0.09 0.04 
Machine (%) - 0.45 0.01 0.06 -0.02 0.00 0.10 
Source: Reference Project  and author’s calculations.  
 
 
Annual Soybean Inputs Prices – Average Quantities: 2007-2012 
  Average Quantity  
     2007 2008 2009 2010 2011 2012 2007-2012 
 Variable Obs 22 25 28 27 29 25 156 *Source:  
Soybean (US$/mt) 262.59 348.08 274.23 325.73 381.45 386.50 331.26 
 Land (US$/ha) 48.75 78.33 63.82 68.19 88.69 116.40 77.83 
 Annual labor wage* (US$/person) 4,969.84 7,078.34 6,043.27 8,181.75 9,558.11 10,055.38 7,724.25 IBGE 
Fertilizer (US$/mt) 338.37 635.33 473.17 468.07 574.92 566.98 513.21 
 Seed (US$/mt) 705.18 1,113.39 1,113.72 1,126.33 1,281.12 1,350.65 1,127.33 
 Pesticide* (US$/liter) 28.69 28.86 26.38 24.86 24.40 24.35 26.15 CONAB 
Diesel*  (US$/liter) 1.08 1.22 1.17 1.25 1.32 1.20 1.21 ANP 
Machine* (US$/tractor/ha) 42.21 47.84 43.56 51.86 51.93 43.90 47.10 FGV/IBRE 
  Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
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Annual Soybean Inputs Prices – Average Growth Rates: 2007-2012 
  Average Growth Rates 
     2007 2008 2009 2010 2011 2012 2007-2012 
 Variable Obs - 22 21 23 22 25 113 *Source:  
Soybean (%) - 0.27 -0.23 0.16 0.16 0.00 0.07 
 Land (%) - 0.51 -0.31 0.08 0.25 0.26 0.17 
 Annual labor wage* (%) - 0.35 -0.16 0.30 0.16 0.05 0.14 IBGE 
Fertilizer (%) - 0.58 -0.27 -0.04 0.17 -0.01 0.09 
 Seed (%) - 0.48 0.08 0.08 0.10 0.04 0.15 
 Pesticide* (%) - 0.00 -0.08 -0.06 -0.02 0.00 -0.03 CONAB 
Diesel*  (%) - 0.12 -0.04 0.07 0.05 -0.10 0.02 ANP 
Machine* (%) - 0.12 -0.06 0.17 0.01 -0.16 0.01 FGV/IBRE 
  Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
 
Soybean Decomposed Output and Input Factor Productivity Average Growth Rates: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Output growth* (%) 0.11 0.33 -0.65 1.18 
Land factor productivity (%) -0.02 0.10 -0.60 0.23 
Labor factor productivity (%) 0.13 0.39 -1.17 1.26 
Fertilizer factor productivity (%) 0.05 0.55 -2.55 3.00 
Seed factor productivity (%) 0.05 0.26 -0.53 0.56 
Pesticide factor productivity (%) -0.07 0.35 -1.05 1.29 
Diesel factor productivity (%) 0.04 0.28 -0.78 0.59 
Machine factor productivity (%) -0.02 0.29 -0.71 0.62 
Land/worker (%) 0.08 0.35 -0.85 1.22 
Observations: 113      
*Decomposed output growth adding one more unit (ha) of land and using all other inputs more intensively  
 Source: Reference Project and author’s calculations 
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Appendix B  
Maize Annual Summary Statistics for Mato Grosso  
Comparison of Average Annual Maize Cost Shares per Hectare: 2007-2012 
Reference Project 
          Average Cost Share  
Variable Year 2007 2008 2009 2010 2011 2012 2007-2012 
Land cost share (%) 0.09 0.06 0.06 0.08 0.10 0.13 0.09 
Labor cost share (%) 0.06 0.05 0.05 0.07 0.07 0.04 0.05 
Fertilizer cost share (%) 0.32 0.31 0.43 0.32 0.32 0.30 0.33 
Seed cost share (%) 0.19 0.19 0.18 0.23 0.23 0.24 0.21 
Pesticide cost share (%) 0.14 0.18 0.11 0.11 0.11 0.13 0.13 
Diesel cost share (%) 0.07 0.05 0.04 0.05 0.06 0.04 0.05 
Machine cost share (%) 0.07 0.07 0.06 0.07 0.06 0.04 0.06 
         IMEA 
        Variable Year 2007 2008 2009 2010 2011 2012 2007-2012 
Land cost share (%) - 0.07 0.10 0.09 0.09 0.10 0.09 
Labor cost share (%) - 0.01 0.01 0.01 0.01 0.02 0.01 
Fertilizer cost share (%) - 0.42 0.38 0.39 0.40 0.37 0.39 
Seed cost share (%) - 0.20 0.18 0.23 0.26 0.29 0.23 
Pesticide cost share (%) - 0.26 0.27 0.23 0.19 0.18 0.23 
Diesel cost share (%) - - - - - - - 
Machine cost share (%) - 0.04 0.05 0.05 0.04 0.04 0.04 
         CONAB 
        Variable Year 2007 2008 2009 2010 2011 2012 2007-2012 
Land cost share (%) 0.04 0.13 0.11 0.11 0.25 0.24 0.15 
Labor cost share (%) 0.05 0.04 0.04 0.05 0.05 0.05 0.05 
Fertilizer cost share (%) 0.42 0.38 0.40 0.41 0.40 0.45 0.41 
Seed cost share (%) 0.19 0.17 0.16 0.18 0.13 0.11 0.16 
Pesticide cost share (%) 0.14 0.13 0.14 0.09 0.06 0.06 0.10 
Diesel cost share (%) - - - - - - - 
Machine cost share (%) 0.17 0.15 0.15 0.16 0.10 0.09 0.14 
Source: Reference Project, IMEA, CONAB and author’s calculations.  
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Maize Production Average Costs and Returns per Ha: 2007 – 2012 
 
2007 - 2012       
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 47.29 21.54 0.46 12.24 103.08 
Labor cost per ha  (US$/ha) 29.73 17.06 0.57 6.05 95.61 
Fertilizer cost per ha  (US$/ha) 182.55 97.15 0.53 14.73 850.17 
Seed cost per ha  (US$/ha) 115.17 42.56 0.37 26.17 224.06 
Defensive cost per ha  (US$/ha) 68.90 39.55 0.57 4.22 254.39 
Diesel cost per ha  (US$/ha) 28.21 10.83 0.38 7.24 74.74 
Machine cost per ha  (US$/ha) 34.26 17.83 0.52 0.57 94.56 
Aggregate input cost per ha (US$/ha) 545.70 139.01 0.25 229.90 1,149.51 
Gross revenue per ha (US$/ha) 705.70 234.28 0.33 201.35 1,317.02 
Net return per ha (US$/ha) 160.00 215.02 1.34 -541.13 781.09 
Grain price per metric ton (US$/mt) 127.54 28.46 0.22 78.68 199.43 
Grain yield per ha (mt/ha) 5.50 1.22 0.22 1.80 8.40 
Area planted (ha) (ha) 731.63 514.93 0.70 25.00 2,530.00 
Observations: 156       
       
2007       
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per ha  (US$/ha) 34.59 14.33 0.41 19.84 79.86 
Labor cost per ha  (US$/ha) 22.71 10.13 0.45 8.54 48.84 
Fertilizer cost per ha  (US$/ha) 124.18 43.21 0.35 50.87 267.12 
Seed cost per ha  (US$/ha) 75.53 21.53 0.29 47.48 118.69 
Defensive cost per ha  (US$/ha) 54.93 36.18 0.66 4.59 128.82 
Diesel cost per ha  (US$/ha) 27.33 8.71 0.32 9.91 53.97 
Machine cost per ha  (US$/ha) 28.47 11.69 0.41 12.38 59.81 
Aggregate input cost per ha (US$/ha) 393.02 90.11 0.23 279.39 707.47 
Gross revenue per ha (US$/ha) 572.88 121.19 0.21 386.18 794.19 
Net return per ha (US$/ha) 179.86 112.49 0.63 -36.32 416.59 
Grain price per metric ton (US$/mt) 118.22 17.74 0.15 94.20 157.75 
Grain yield per ha (mt/ha) 4.90 1.06 0.22 3.16 6.90 
Area planted (ha) (ha) 581.27 522.54 0.90 25.00 2,530.00 
Observations: 22       
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2008       
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per ha  (US$/ha) 30.71 11.07 0.36 27.70 82.47 
Labor cost per ha  (US$/ha) 25.56 12.14 0.48 9.06 54.51 
Fertilizer cost per ha  (US$/ha) 166.74 83.45 0.50 14.73 459.34 
Seed cost per ha  (US$/ha) 99.56 30.39 0.31 26.82 160.90 
Defensive cost per ha  (US$/ha) 94.57 60.06 0.64 17.20 254.39 
Diesel cost per ha  (US$/ha) 28.46 8.16 0.29 12.65 47.69 
Machine cost per ha  (US$/ha) 36.23 17.19 0.47 7.69 84.59 
Aggregate input cost per ha (US$/ha) 532.22 110.47 0.21 229.90 746.06 
Gross revenue per ha (US$/ha) 606.57 176.94 0.29 201.35 882.73 
Net return per ha (US$/ha) 74.35 174.18 2.34 -314.25 373.95 
Grain price per metric ton (US$/mt) 117.21 16.83 0.14 92.40 166.77 
Grain yield per ha (mt/ha) 5.18 1.40 0.27 1.80 7.54 
Area planted (ha) (ha) 588.30 539.43 0.92 66.00 2,025.00 
Observations: 25       
       
2009       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per ha  (US$/ha) 32.44 17.03 0.52 12.24 103.08 
Labor cost per ha  (US$/ha) 25.82 12.62 0.49 7.56 54.51 
Fertilizer cost per ha  (US$/ha) 238.08 152.68 0.64 46.56 850.17 
Seed cost per ha  (US$/ha) 98.66 30.57 0.31 26.17 137.14 
Defensive cost per ha  (US$/ha) 59.44 27.81 0.47 4.22 114.21 
Diesel cost per ha  (US$/ha) 24.38 8.55 0.35 11.12 41.53 
Machine cost per ha  (US$/ha) 34.29 17.35 0.51 0.57 72.90 
Aggregate input cost per ha (US$/ha) 552.03 153.62 0.28 310.31 1,149.51 
Gross revenue per ha (US$/ha) 526.70 152.07 0.29 250.29 811.49 
Net return per ha (US$/ha) -25.33 206.10 -8.14 -541.13 429.82 
Grain price per metric ton (US$/mt) 105.31 22.02 0.21 78.68 166.77 
Grain yield per ha (mt/ha) 4.99 1.05 0.21 3.00 6.66 
Area planted (ha) (ha) 671.02 424.85 0.63 54.00 2,136.50 
Observations: 28       
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2010       
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per ha  (US$/ha) 42.53 11.00 0.26 22.49 79.85 
Labor cost per ha  (US$/ha) 36.07 18.06 0.50 8.51 88.92 
Fertilizer cost per ha  (US$/ha) 166.26 51.88 0.31 73.13 254.13 
Seed cost per ha  (US$/ha) 120.54 32.38 0.27 26.50 175.20 
Defensive cost per ha  (US$/ha) 57.38 31.86 0.56 12.72 114.21 
Diesel cost per ha  (US$/ha) 28.38 9.36 0.33 7.24 49.75 
Machine cost per ha  (US$/ha) 37.42 20.38 0.54 1.57 78.58 
Aggregate input cost per ha (US$/ha) 525.72 99.18 0.19 278.93 699.22 
Gross revenue per ha (US$/ha) 783.10 218.41 0.28 461.80 1,296.04 
Net return per ha (US$/ha) 257.38 215.54 0.84 -91.37 781.09 
Grain price per metric ton (US$/mt) 148.57 22.85 0.15 97.66 194.60 
Grain yield per ha (mt/ha) 5.23 0.94 0.18 3.84 7.20 
Area planted (ha) (ha) 672.82 458.55 0.68 150.00 2,273.00 
Observations: 27       
       
2011       
Variable   Mean Std.Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 61.90 11.63 0.19 37.41 96.25 
Labor cost per ha  (US$/ha) 42.17 22.51 0.53 14.52 95.61 
Fertilizer cost per ha  (US$/ha) 204.70 88.92 0.43 27.81 426.48 
Seed cost per ha  (US$/ha) 143.38 43.62 0.30 26.50 202.42 
Defensive cost per ha  (US$/ha) 68.87 29.64 0.43 12.72 139.20 
Diesel cost per ha  (US$/ha) 35.44 15.27 0.43 10.29 74.74 
Machine cost per ha  (US$/ha) 40.48 21.53 0.53 1.04 94.56 
Aggregate input cost per ha (US$/ha) 635.56 129.26 0.20 343.20 945.60 
Gross revenue per ha (US$/ha) 982.32 223.80 0.23 460.65 1,317.02 
Net return per ha (US$/ha) 346.76 163.10 0.47 78.23 658.99 
Grain price per metric ton (US$/mt) 160.39 22.18 0.14 118.12 199.43 
Grain yield per ha (mt/ha) 6.09 1.05 0.17 3.90 8.28 
Area planted (ha) (ha) 895.09 561.06 0.63 200.00 2,421.00 
Observations: 29       
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2012       
Variable   Mean 
Std. 
Dev. 
Coeff. 
Var. Min Max 
Land cost per ha  (US$/ha) 79.86 0.00 0.00 79.86 79.86 
Labor cost per ha  (US$/ha) 23.15 12.66 0.55 6.05 52.93 
Fertilizer cost per ha  (US$/ha) 179.41 78.13 0.44 70.51 506.10 
Seed cost per ha  (US$/ha) 145.62 44.60 0.31 64.02 224.06 
Defensive cost per ha  (US$/ha) 78.57 33.73 0.43 23.56 162.79 
Diesel cost per ha  (US$/ha) 24.44 8.94 0.37 13.15 45.08 
Machine cost per ha  (US$/ha) 26.70 12.57 0.47 1.14 51.59 
Aggregate input cost per ha (US$/ha) 603.79 116.07 0.19 434.13 960.36 
Gross revenue per ha (US$/ha) 717.71 105.19 0.15 507.71 917.27 
Net return per ha (US$/ha) 113.92 157.86 1.39 
-
294.93 381.43 
Grain price per metric ton (US$/mt) 110.12 10.16 0.09 93.85 126.09 
Grain yield per ha (mt/ha) 6.54 0.91 0.14 4.78 8.40 
Area planted (ha) (ha) 949.05 502.62 0.53 190.00 2,300.00 
Observations: 25       
 
Source: Reference Project   
 90 
  
Maize Production Average Costs and Returns per Farm: 2007 – 2012 
2007-2012       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 62,045.40 49,383.45 0.80 1,847.50 250,107.10 
Labor cost per farm (US$) 21,175.29 18,492.28 0.87 408.00 95,882.00 
Fertilizer cost per farm (US$) 138,194.10 139,166.90 1.01 1,473.30 860,373.80 
Seed cost per farm (US$) 91,418.60 80,957.01 0.89 2,373.80 408,374.30 
Defensive cost per farm (US$) 49,558.84 39,445.54 0.80 358.05 189,282.40 
Diesel cost per farm (US$) 20,590.99 16,653.23 0.81 702.00 98,867.59 
Machine cost per farm (US$) 24,665.70 21,235.33 0.86 226.00 137,028.00 
Aggregate input cost per 
farm (US$) 408,969.50 319,778.00 0.78 11,242.69 1,749,310.00 
Gross revenue per farm (US$) 540,691.70 454,620.20 0.84 16,648.20 2,974,750.00 
Net return per farm (US$) 131,722.20 213,296.40 1.62 
-
534,092.00 1,225,440.00 
Grain price per metric ton (US$) 127.54 28.46 0.22 78.68 199.43 
Grain yield per ha (mt/ha) 5.50 1.22 0.22 1.80 8.40 
Area planted (ha) 731.63 514.93 0.70 25.00 2,530.00 
Total grain production (mt) (mt) 4,181.96 3,240.09 0.77 108.00 17,745.93 
Observations: 156  	   	   	   	   	  
	    	   	   	   	   	  
2007       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 31,555.11 26,485.70 0.84 1,847.50 131,268.60 
Labor cost per farm (US$) 11,505.00 7,866.36 0.68 892.00 28,314.00 
Fertilizer cost per farm (US$) 68,464.61 53,920.49 0.79 4,230.07 213,905.90 
Seed cost per farm (US$) 44,729.95 43,040.46 0.96 2,373.80 180,171.40 
Defensive cost per farm (US$) 33,347.72 30,858.50 0.93 358.05 111,718.90 
Diesel cost per farm (US$) 13,889.71 8,424.23 0.61 702.00 28,904.04 
Machine cost per farm (US$) 14,783.91 10,123.04 0.68 810.00 39,533.00 
Aggregate input cost per 
farm (US$) 218,276.00 168,557.90 0.77 11,242.69 718,444.60 
Gross revenue per farm (US$) 326,023.10 252,370.10 0.77 16,648.20 977,044.50 
Net return per farm (US$) 107,747.10 98,754.26 0.92 -7,626.27 360,030.50 
Grain price per metric ton (US$) 118.22 17.74 0.15 94.20 157.75 
Grain yield per ha (mt/ha) 4.90 1.06 0.22 3.16 6.90 
Area planted (ha) 581.27 522.54 0.90 25.00 2,530.00 
Total grain production (mt) (mt) 2,811.18 2,104.83 0.75 108.00 7,994.80 
Observations: 22  	   	   	   	   	  
	    	   	   	   	   	  
  
 91 
  
2008       
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 44,405.16 38,350.41 0.86 6,084.96 156,444.40 
Labor cost per farm (US$) 15,260.16 14,321.80 0.94 959.00 57,426.50 
Fertilizer cost per farm (US$) 98,111.35 99,507.03 1.01 1,473.30 403,527.20 
Seed cost per farm (US$) 59,720.75 58,576.39 0.98 2,681.73 217,220.10 
Defensive cost per farm (US$) 53,110.69 49,281.06 0.93 1,135.20 189,282.40 
Diesel cost per farm (US$) 17,607.24 16,670.77 0.95 1,907.45 60,138.45 
Machine cost per farm (US$) 21,507.26 21,821.26 1.01 1,537.00 78,287.00 
Aggregate input cost per farm (US$) 309,722.60 265,542.50 0.86 22,989.55 1,025,251.00 
Gross revenue per farm (US$) 379,136.90 361,494.30 0.95 24,794.81 1,282,083.00 
Net return per farm (US$) 69,414.25 137,035.70 1.97 -137,042.50 464,164.10 
Grain price per metric ton (US$) 117.21 16.83 0.14 92.40 166.77 
Grain yield per ha (mt/ha) 5.18 1.40 0.27 1.80 7.54 
Area planted (ha) 588.30 539.43 0.92 66.00 2,025.00 
Total grain production (mt) (mt) 3,273.13 3,243.15 0.99 243.54 11,780.00 
Observations: 25  	   	   	   	   	  
	    	   	   	   	   	  
2009       
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 41,725.31 24,803.66 0.59 4,263.80 121,598.00 
Labor cost per farm (US$) 17,454.73 12,799.04 0.73 408.00 57,426.50 
Fertilizer cost per farm (US$) 157,283.70 154,941.20 0.99 13,283.84 839,119.00 
Seed cost per farm (US$) 69,140.63 55,368.08 0.80 4,240.04 269,280.30 
Defensive cost per farm (US$) 41,901.06 33,674.97 0.80 1,475.60 133,972.30 
Diesel cost per farm (US$) 17,021.77 13,520.18 0.79 1,715.20 59,457.99 
Machine cost per farm (US$) 22,028.23 16,479.52 0.75 226.00 76,087.00 
Aggregate input cost per farm (US$) 370,576.10 253,942.50 0.69 28,912.85 1,134,567.00 
Gross revenue per farm (US$) 371,932.90 291,698.10 0.78 16,905.83 1,341,846.00 
Net return per farm (US$) 1,356.78 169,028.40 124.58 -534,092.00 381,340.60 
Grain price per metric ton (US$) 105.31 22.02 0.21 78.68 166.77 
Grain yield per ha (mt/ha) 4.99 1.05 0.21 3.00 6.66 
Area planted (ha) 671.02 424.85 0.63 54.00 2,136.50 
Total grain production (mt) (mt) 3,454.28 2,400.50 0.69 171.72 11,643.93 
Observations: 28  	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2010       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 49,894.38 33,107.98 0.66 7,748.53 164,461.50 
Labor cost per farm (US$) 22,130.78 14,363.47 0.65 4,132.00 57,426.50 
Fertilizer cost per farm (US$) 107,735.00 68,987.49 0.64 19,943.10 306,721.80 
Seed cost per farm (US$) 87,391.82 74,685.46 0.85 13,247.60 331,853.40 
Defensive cost per farm (US$) 38,697.25 34,336.63 0.89 3,331.65 133,827.90 
Diesel cost per farm (US$) 18,948.75 13,147.81 0.69 2,388.87 62,006.53 
Machine cost per farm (US$) 24,453.99 18,284.06 0.75 551.00 76,087.00 
Aggregate input cost per 
farm (US$) 352,712.20 237,759.20 0.67 69,348.08 1,104,771.00 
Gross revenue per farm (US$) 503,350.00 314,535.60 0.62 104,221.10 1,470,953.00 
Net return per farm (US$) 150,637.80 135,132.20 0.90 
-
113,940.10 461,607.90 
Grain price per metric ton (US$) 148.57 22.85 0.15 97.66 194.60 
Grain yield per ha (mt/ha) 5.23 0.94 0.18 3.84 7.20 
Area planted (ha) 672.82 458.55 0.68 150.00 2,273.00 
Total grain production (mt) (mt) 3,431.67 2,266.69 0.66 684.00 11,387.73 
Observations: 27  	   	   	   	   	  
	    	   	   	   	   	  
2011       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 85,697.10 53,081.64 0.62 22,229.74 240,092.90 
Labor cost per farm (US$) 38,048.52 28,780.33 0.76 4,143.75 95,882.00 
Fertilizer cost per farm (US$) 201,484.20 182,299.20 0.90 25,206.54 706,224.50 
Seed cost per farm (US$) 134,935.90 94,392.65 0.70 5,961.42 408,374.30 
Defensive cost per farm (US$) 59,933.87 39,519.88 0.66 2,862.92 171,406.80 
Diesel cost per farm (US$) 32,141.52 23,813.83 0.74 5,281.47 98,867.59 
Machine cost per farm (US$) 37,781.24 30,892.23 0.82 388.50 137,028.00 
Aggregate input cost per 
farm (US$) 590,022.30 414,985.20 0.70 92,474.20 1,749,310.00 
Gross revenue per farm (US$) 926,820.80 661,869.10 0.71 118,233.70 2,974,750.00 
Net return per farm (US$) 336,798.50 293,857.30 0.87 16,468.83 1,225,440.00 
Grain price per metric ton (US$) 160.39 22.18 0.14 118.12 199.43 
Grain yield per ha (mt/ha) 6.09 1.05 0.17 3.90 8.28 
Area planted (ha) 895.09 561.06 0.63 200.00 2,421.00 
Total grain production (mt) (mt) 5,612.96 3,847.69 0.69 945.00 17,745.93 
Observations: 29  	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2012       
Variable   Mean Std. Dev. 
Coeff. 
Var. Min Max 
Land cost per farm (US$) 114,962.80 55,512.45 0.48 25,257.99 250,107.10 
Labor cost per farm (US$) 19,162.42 9,355.35 0.49 2,515.00 38,458.90 
Fertilizer cost per farm (US$) 177,737.70 166,228.50 0.94 34,453.54 860,373.80 
Seed cost per farm (US$) 143,022.70 93,194.51 0.65 24,326.46 368,097.80 
Defensive cost per farm (US$) 68,544.96 38,093.79 0.56 12,978.14 149,297.40 
Diesel cost per farm (US$) 21,844.37 12,859.55 0.59 5,039.33 61,314.24 
Machine cost per farm (US$) 24,488.73 15,794.06 0.64 482.00 70,345.00 
Aggregate input cost per 
farm (US$) 569,763.70 339,005.00 0.59 115,226.70 1,632,612.00 
Gross revenue per farm (US$) 672,583.80 363,197.10 0.54 156,909.60 1,674,720.00 
Net return per farm (US$) 102,820.10 193,272.30 1.88 
-
501,388.50 466,036.00 
Grain price per metric ton (US$) 110.12 10.16 0.09 93.85 126.09 
Grain yield per ha (mt/ha) 6.54 0.91 0.14 4.78 8.40 
Area planted (ha) 949.05 502.62 0.53 190.00 2,300.00 
Total grain production (mt) (mt) 6,262.46 3,642.53 0.58 1,356.01 16,261.00 
Observations: 25  
Source: Reference Project  
 
Maize Production - Average Quantities: 2007-2012 
  Average Quantity  
    2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Maize yield (mt/ha) 4.90 5.18 4.99 5.23 6.09 6.54 5.50 
Maize ha planted (ha) 581.27 588.30 671.02 672.82 895.09 949.05 731.63 
Maize production per farm (mt) 2,811.18 3,273.13 3,454.28 3,431.67 5,612.96 6,262.46 4,181.96 
Price per mt (US$) 118.22 117.21 105.31 148.57 160.39 110.12 127.54 
Gross revenue per farm (US$) 326,023.10 379,136.90 371,932.90 503,350.00 926,820.80 672,583.80 540,691.70 
Maize land share (%) 0.41 0.34 0.44 0.41 0.53 0.60 0.46 
Source: Reference Project  
 
Annual Maize Nutrient Output: 2007-2012 
  Average Quantity  
    2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Starch per ha (mt/ha) 3.77 3.99 3.84 4.03 4.69 5.03 4.23 
Protein per ha (mt/ha) 0.39 0.41 0.40 0.42 0.49 0.52 0.44 
Oil per ha (mt/ha) 0.20 0.21 0.20 0.21 0.24 0.26 0.22 
Starch per farm (mt/farm) 2,164.61 2,538.35 2,675.12 2,631.53 4,333.12 4,821.80 3,194.09 
Protein per farm (mt/farm) 224.89 263.72 277.93 273.41 450.19 500.97 331.85 
Oil per farm (mt/farm) 112.45 131.86 138.97 136.70 225.10 250.48 165.93 
Source: Reference Project  
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Average Inputs Usage in Maize Production per Farm – Annual Quantities: 2007-2012  
  Average Quantity  
  Year 2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Area planted (ha) 581.27 588.30 671.02 672.82 895.09 949.05 731.63 
No. of workers (person) 2.32 2.14 2.62 2.73 4.04 2.05 2.69 
Fertilizer (mt) 150.43 144.48 168.90 177.11 281.25 270.66 201.00 
Seed (mt) 23.25 23.53 26.84 26.91 35.80 37.96 29.27 
Pesticide (liter) 1,162.35 1,823.56 1,579.16 1,570.52 2,477.99 2,828.01 1,925.27 
Diesel  (liter) 12,860.84 14,396.29 14,445.01 15,093.65 23,993.13 18,192.27 16,701.55 
Machine (machine) 7.92 10.79 11.75 11.13 12.15 13.01 11.23 
Source: Reference Project  
 
 
Average Inputs Usage in Maize Production per Farm – Annual Growth Rates: 2007-2012  
  Average  Growth Rates 
  Year 2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs - 22 21 23 22 25 113 
Area planted (%) - -0.02 0.20 -0.07 0.23 0.08 0.08 
No. of workers (%) - -0.17 0.27 0.01 0.34 -0.55 -0.04 
Fertilizer (%) - -0.12 0.40 0.04 0.22 0.11 0.13 
Seed (%) - -0.02 0.20 -0.07 0.23 0.08 0.08 
Pesticide (%) - 0.62 -0.11 -0.04 0.35 0.14 0.19 
Diesel  (%) - -0.10 0.11 0.10 0.41 -0.18 0.06 
Machine (%) - 0.32 0.19 -0.07 0.24 0.08 0.15 
Source: Reference Project  
 
 
Annual Maize Inputs Prices – Average Quantities: 2007-2012 
  Average Quantity During Year 
     2007 2008 2009 2010 2011 2012 2007-2012 
 Variable Obs 22 25 28 27 29 25 156 *Source:  
Maize (US$/mt) 118.22 117.21 105.31 148.57 160.39 110.12 127.54 
 Land (US$/ha) 34.59 30.71 32.44 42.53 61.90 79.86 47.01 
 Annual labor wage* (US$/person) 4,969.84 7,078.34 6,043.27 8,181.75 9,558.11 10,055.38 7,724.25 IBGE 
Fertilizer (US$/mt) 447.99 669.27 908.34 645.12 724.63 648.79 683.80 
 Seed (US$/mt) 1,888.25 2,489.06 2,466.52 3,013.37 3,584.44 3,640.55 2,879.19 
 Pesticide* (US$/liter) 28.69 28.86 26.38 24.86 24.40 24.30 26.14 CONAB 
Diesel*  (US$/liter) 1.08 1.22 1.17 1.25 1.32 1.20 1.21 ANP 
Machine* (US$/tractor/ha) 16.27 15.16 17.93 19.63 25.57 24.56 20.03 FGV/IBRE 
  Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
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Annual Maize Inputs Prices – Average Growth Rates: 2007-2012 
 
Average Growth Rates 
   Year 2007 2008 2009 2010 2011 2012 2007-2012 
 Variable Obs - 22 21 23 22 25 113 *Source:  
Maize (%) - -0.01 -0.13 0.30 0.08 0.08 -0.03 
 Land (%) - -0.10 -0.04 0.28 0.36 0.27 0.16 
 Annual labor wage* (%) - 0.35 -0.16 0.30 0.16 0.05 0.14 IBGE 
Fertilizer (%) - 0.39 0.27 -0.27 0.05 -0.06 0.07 
 Seed (%) - 0.32 -0.01 0.22 0.09 -0.05 0.11 
 Pesticide* (%) - 0.00 -0.08 -0.06 -0.02 0.00 -0.03 CONAB 
Diesel*  (%) - 0.12 -0.04 0.07 0.05 -0.10 0.02 ANP 
Machine* (%) - -0.02 0.12 0.08 0.25 -0.08 0.07 FGV/IBRE 
  Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
 
Maize Decomposed Output and Input Factor Productivity Average Growth Rates: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Output growth * (%) 0.16 0.85 -2.26 3.62 
Land factor productivity (%) 0.04 0.22 -0.69 0.71 
Labor factor productivity (%) 0.13 0.41 -1.17 1.35 
Fertilizer factor productivity (%) -0.03 0.71 -2.65 2.72 
Seed factor productivity (%) 0.01 0.40 -1.04 1.04 
Pesticide factor productivity (%) -0.10 0.73 -2.69 1.98 
Diesel factor productivity (%) 0.03 0.32 -1.47 0.89 
Machine factor productivity (%) -0.05 0.48 -1.78 0.86 
Land/worker (%) 0.12 0.53 -1.12 1.63 
Observations: 113      
*Decomposed output growth adding one more unit (ha) of land and using all other inputs more intensively  
 Source: Reference Project and author’s calculations 
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Appendix C  
Succession Crop Annual Summary Statistics for Mato Grosso  
Succession Crop Production Average Costs and Returns per Ha: 2007 – 2012 
 
2007-2012 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 125.12  45.62  0.36  27.19  258.83  
Labor cost per ha  (US$/ha) 78.04  35.89  0.46  21.39  193.90  
Fertilizer cost per ha  (US$/ha) 403.90  129.77  0.32  132.20  1,033.30  
Seed cost per ha  (US$/ha) 171.53  53.79  0.31  67.89  361.21  
Defensive cost per ha  (US$/ha) 228.14  71.72  0.31  91.52  497.54  
Diesel cost per ha  (US$/ha) 72.19  21.62  0.30  29.65  159.12  
Machine cost per ha  (US$/ha) 87.62  43.51  0.50  2.33  223.75  
Aggregate input cost per ha (US$/ha) 927.15  219.40  0.24  497.73  1,502.12  
Gross revenue per ha (US$/ha) 1,414.37  395.89  0.28  762.07  2,608.07  
Net return per ha (US$/ha) 487.22  291.85  0.60  (262.33) 1,426.39  
Grain price per metric ton (US$/mt) 458.80  82.05  0.18  302.86  695.97  
Grain yield per ha (mt/ha) 8.75  1.35  0.15  4.63  11.77  
Area planted (ha) (ha) 1,632.11  921.05  0.56  385.00  5,921.00  
Observations: 156 
      
       2007 
      
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per ha  (US$/ha) 83.34  34.16  0.41  48.79  196.25  
Labor cost per ha  (US$/ha) 64.42  27.68  0.43  24.41  118.12  
Fertilizer cost per ha  (US$/ha) 279.50  67.40  0.24  132.20  437.77  
Seed cost per ha  (US$/ha) 110.79  26.15  0.24  67.89  163.07  
Defensive cost per ha  (US$/ha) 185.25  67.93  0.37  91.52  358.05  
Diesel cost per ha  (US$/ha) 69.20  19.49  0.28  29.65  119.62  
Machine cost per ha  (US$/ha) 71.99  26.77  0.37  30.45  132.58  
Aggregate input cost per ha (US$/ha) 670.19  116.73  0.17  497.73  919.58  
Gross revenue per ha (US$/ha) 1,117.82  179.59  0.16  894.98  1,499.74  
Net return per ha (US$/ha) 447.63  165.86  0.37  141.69  873.64  
Grain price per metric ton (US$/mt) 380.81  44.15  0.12  326.84  476.24  
Grain yield per ha (mt/ha) 8.23  1.20  0.15  6.42  10.34  
Area planted (ha) (ha) 1,429.41  1,150.91  0.81  385.00  5,921.00  
Observations: 22 
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2008 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 109.05  22.54  0.21  81.51  213.28  
Labor cost per ha  (US$/ha) 72.85  29.34  0.40  29.48  139.12  
Fertilizer cost per ha  (US$/ha) 424.05  130.50  0.31  150.98  666.88  
Seed cost per ha  (US$/ha) 155.23  34.87  0.22  81.56  215.64  
Defensive cost per ha  (US$/ha) 265.47  105.29  0.40  102.24  497.54  
Diesel cost per ha  (US$/ha) 80.69  16.34  0.20  52.06  117.11  
Machine cost per ha  (US$/ha) 103.34  44.34  0.43  29.03  207.67  
Aggregate input cost per ha (US$/ha) 918.05  184.76  0.20  611.14  1,296.08  
Gross revenue per ha (US$/ha) 1,326.73  291.74  0.22  762.07  1,925.41  
Net return per ha (US$/ha) 408.68  239.07  0.58  (48.98) 976.41  
Grain price per metric ton (US$/mt) 465.29  51.82  0.11  345.00  586.11  
Grain yield per ha (mt/ha) 8.36  1.70  0.20  4.63  10.99  
Area planted (ha) (ha) 1,682.94  1,109.98  0.66  443.00  5,288.00  
Observations: 25 
      
       2009 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 96.26  38.90  0.40  27.19  258.83  
Labor cost per ha  (US$/ha) 69.34  31.35  0.45  25.50  139.12  
Fertilizer cost per ha  (US$/ha) 450.50  168.10  0.37  192.88  1,033.30  
Seed cost per ha  (US$/ha) 154.35  35.10  0.23  82.78  201.88  
Defensive cost per ha  (US$/ha) 199.13  49.53  0.25  108.67  302.28  
Diesel cost per ha  (US$/ha) 65.48  19.17  0.29  38.38  107.19  
Machine cost per ha  (US$/ha) 91.56  47.69  0.52  2.33  215.67  
Aggregate input cost per ha (US$/ha) 877.05  197.42  0.23  632.10  1,502.12  
Gross revenue per ha (US$/ha) 1,117.28  262.94  0.24  782.07  1,830.01  
Net return per ha (US$/ha) 240.24  243.07  1.01  (262.33) 893.32  
Grain price per metric ton (US$/mt) 379.53  70.37  0.19  302.86  586.11  
Grain yield per ha (mt/ha) 8.21  1.14  0.14  5.72  10.12  
Area planted (ha) (ha) 1,544.24  793.95  0.51  446.00  3,997.50  
Observations: 28 
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2010 
      
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per ha  (US$/ha) 110.73  22.06  0.20  57.58  181.29  
Labor cost per ha  (US$/ha) 89.39  33.19  0.37  44.48  161.77  
Fertilizer cost per ha  (US$/ha) 370.56  61.27  0.17  261.63  509.07  
Seed cost per ha  (US$/ha) 176.85  37.65  0.21  84.50  241.87  
Defensive cost per ha  (US$/ha) 213.14  46.94  0.22  108.67  301.25  
Diesel cost per ha  (US$/ha) 68.32  17.16  0.25  32.51  104.23  
Machine cost per ha  (US$/ha) 90.67  46.78  0.52  3.37  190.58  
Aggregate input cost per ha (US$/ha) 878.69  186.65  0.21  608.13  1,502.12  
Gross revenue per ha (US$/ha) 1,428.07  363.01  0.25  886.68  2,608.07  
Net return per ha (US$/ha) 549.38  279.30  0.51  268.19  1,393.55  
Grain price per metric ton (US$/mt) 474.31  53.27  0.11  387.28  586.11  
Grain yield per ha (mt/ha) 8.57  1.11  0.13  6.81  10.75  
Area planted (ha) (ha) 1,666.89  827.67  0.50  395.00  4,025.00  
Observations: 27 
      
       2011 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 150.59  21.85  0.15  86.55  192.17  
Labor cost per ha  (US$/ha) 98.50  45.05  0.46  30.25  193.90  
Fertilizer cost per ha  (US$/ha) 439.55  122.22  0.28  140.82  677.91  
Seed cost per ha  (US$/ha) 207.43  55.76  0.27  84.50  309.34  
Defensive cost per ha  (US$/ha) 230.52  55.10  0.24  104.88  363.36  
Diesel cost per ha  (US$/ha) 79.66  26.37  0.33  33.33  132.26  
Machine cost per ha  (US$/ha) 91.15  48.27  0.53  2.81  223.75  
Aggregate input cost per ha (US$/ha) 1,047.48  167.42  0.16  622.54  1,369.26  
Gross revenue per ha (US$/ha) 1,757.63  392.37  0.22  905.41  2,446.27  
Net return per ha (US$/ha) 710.16  305.39  0.43  194.05  1,426.39  
Grain price per metric ton (US$/mt) 541.84  70.35  0.13  410.09  695.97  
Grain yield per ha (mt/ha) 9.31  1.20  0.13  6.77  11.77  
Area planted (ha) (ha) 1,727.60  836.87  0.48  484.75  4,030.00  
Observations: 29 
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2012 
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per ha  (US$/ha) 196.25  0.00  0.00  196.25  196.25  
Labor cost per ha  (US$/ha) 68.98  33.13  0.48  21.39  137.65  
Fertilizer cost per ha  (US$/ha) 435.71  116.14  0.27  219.97  846.23  
Seed cost per ha  (US$/ha) 213.15  54.11  0.25  116.88  361.21  
Defensive cost per ha  (US$/ha) 274.49  52.86  0.19  173.50  396.51  
Diesel cost per ha  (US$/ha) 69.37  25.44  0.37  34.06  159.12  
Machine cost per ha  (US$/ha) 73.83  35.57  0.48  3.27  163.75  
Aggregate input cost per ha (US$/ha) 1,131.26  153.17  0.14  819.84  1,416.51  
Gross revenue per ha (US$/ha) 1,682.73  299.20  0.18  1,181.63  2,313.69  
Net return per ha (US$/ha) 551.46  247.71  0.45  101.14  1,021.44  
Grain price per metric ton (US$/mt) 496.63  40.24  0.08  419.55  595.14  
Grain yield per ha (mt/ha) 9.76  0.96  0.10  7.72  11.73  
Area planted (ha) (ha) 1,709.72  866.80  0.51  390.00  3,920.00  
Observations: 25 
      Source: Reference Project and author’s calculations 
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Succession Crop Production Average Costs and Returns per Farm: 2007 – 2012 
2007-2012 
      
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per farm (US$) 205,001.80  138,697.20  0.68  20,716.49  769,318.80  
Labor cost per farm (US$) 98,780.76  66,302.03  0.67  8,410.00  390,496.00  
Fertilizer cost per farm (US$) 502,915.60  351,356.20  0.70  68,642.73  2,008,407.00  
Seed cost per farm (US$) 188,559.00  142,366.60  0.76  21,510.99  743,506.30  
Defensive cost per farm (US$) 313,989.50  196,940.10  0.63  38,570.08  967,145.40  
Diesel cost per farm (US$) 92,883.32  61,398.40  0.66  19,860.75  348,979.60  
Machine cost per farm (US$) 112,463.90  88,340.30  0.79  2,605.00  559,516.00  
Aggregate input cost per farm (US$) 1,532,790.00  964,676.50  0.63  252,144.30  4,713,587.00  
Gross revenue per farm (US$) 2,316,163.00  1,462,167.00  0.63  348,802.20  7,452,452.00  
Net return per farm (US$) 783,373.70  639,762.20  0.82  (336,070.10) 3,124,414.00  
Grain price per metric ton (US$) 458.80  82.05  0.18  302.86  695.97  
Grain yield per ha (mt/ha) 8.75  1.35  0.15  4.63  11.77  
Area planted (ha) 1,632.11  921.05  0.56  385.00  5,921.00  
Total grain production (mt) (mt) 9,452.69  5,631.37  0.60  1,514.18  29,634.43  
Observations: 156 
 	   	   	   	   	  
	    	   	   	   	   	  2007 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 112,434.80  84,824.92  0.75  20,716.49  437,561.90  
Labor cost per farm (US$) 68,338.23  47,829.02  0.70  11,581.00  167,518.00  
Fertilizer cost per farm (US$) 288,145.50  212,410.90  0.74  68,642.73  958,037.10  
Seed cost per farm (US$) 94,951.96  75,489.24  0.80  21,510.99  361,469.50  
Defensive cost per farm (US$) 209,018.70  148,090.20  0.71  38,607.56  664,148.30  
Diesel cost per farm (US$) 67,448.47  34,457.32  0.51  25,171.56  141,914.20  
Machine cost per farm (US$) 72,352.82  47,921.64  0.66  21,805.00  223,701.00  
Aggregate input cost per farm (US$) 912,690.50  590,567.30  0.65  252,144.30  2,947,042.00  
Gross revenue per farm (US$) 1,569,070.00  1,124,028.00  0.72  419,411.10  5,529,144.00  
Net return per farm (US$) 656,379.10  568,647.80  0.87  103,855.50  2,582,102.00  
Grain price per metric ton (US$) 380.81  44.15  0.12  326.84  476.24  
Grain yield per ha (mt/ha) 8.23  1.20  0.15  6.42  10.34  
Area planted (ha) 1,429.41  1,150.91  0.81  385.00  5,921.00  
Total grain production (mt) (mt) 7,587.62  5,493.41  0.72  1,687.20  27,297.26  
Observations: 22 
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2008 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 182,352.30  119,677.90  0.66  46,807.38  558,730.10  
Labor cost per farm (US$) 90,249.60  62,910.37  0.70  18,862.00  279,007.00  
Fertilizer cost per farm (US$) 547,078.60  451,813.20  0.83  88,215.22  2,008,407.00  
Seed cost per farm (US$) 164,679.10  151,450.00  0.92  25,227.05  622,478.70  
Defensive cost per farm (US$) 342,176.00  223,675.10  0.65  38,806.50  852,499.10  
Diesel cost per farm (US$) 107,396.30  79,624.24  0.74  31,862.75  348,979.60  
Machine cost per farm (US$) 132,792.80  105,278.60  0.79  23,198.00  454,368.00  
Aggregate input cost per farm (US$) 1,566,725.00  1,092,574.00  0.70  300,868.90  4,635,540.00  
Gross revenue per farm (US$) 2,282,380.00  1,680,029.00  0.74  414,000.30  7,452,452.00  
Net return per farm (US$) 715,655.60  676,876.70  0.95  (56,819.25) 2,816,913.00  
Grain price per metric ton (US$) 465.29  51.82  0.11  345.00  586.11  
Grain yield per ha (mt/ha) 8.36  1.70  0.20  4.63  10.99  
Area planted (ha) 1,682.94  1,109.98  0.66  443.00  5,288.00  
Total grain production (mt) (mt) 8,632.20  6,598.30  0.76  1,594.69  29,123.42  
Observations: 25 
 	   	   	   	   	  
	    	   	   	   	   	  2009 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 143,735.70  80,382.61  0.56  38,761.86  349,416.00  
Labor cost per farm (US$) 86,603.45  59,625.92  0.69  8,410.00  279,007.00  
Fertilizer cost per farm (US$) 498,202.40  322,874.40  0.65  95,896.69  1,517,797.00  
Seed cost per farm (US$) 158,938.00  106,474.90  0.67  26,864.51  555,891.40  
Defensive cost per farm (US$) 270,438.40  177,795.90  0.66  38,570.08  887,052.60  
Diesel cost per farm (US$) 83,818.55  57,722.08  0.69  19,860.75  240,616.90  
Machine cost per farm (US$) 108,403.90  78,459.71  0.72  2,605.00  345,768.00  
Aggregate input cost per farm (US$) 1,402,072.00  890,910.70  0.64  325,348.80  3,934,055.00  
Gross revenue per farm (US$) 1,770,665.00  1,146,740.00  0.65  348,802.20  5,297,923.00  
Net return per farm (US$) 368,592.80  414,820.60  1.13  (336,070.10) 1,454,620.00  
Grain price per metric ton (US$) 379.53  70.37  0.19  302.86  586.11  
Grain yield per ha (mt/ha) 8.21  1.14  0.14  5.72  10.12  
Area planted (ha) 1,544.24  793.95  0.51  446.00  3,997.50  
Total grain production (mt) (mt) 8,401.58  4,577.81  0.54  1,514.18  23,616.44  
Observations: 28 
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2010 
      
Variable   Mean Std. Dev. 
Coeff. 
 Var. Min Max 
Land cost per farm (US$) 181,932.70  90,609.85  0.50  33,689.28  456,837.50  
Labor cost per farm (US$) 108,553.70  61,211.38  0.56  26,961.00  279,007.00  
Fertilizer cost per farm (US$) 441,004.10  208,538.30  0.47  141,362.30  1,046,029.00  
Seed cost per farm (US$) 182,327.50  119,227.80  0.65  54,802.23  555,494.50  
Defensive cost per farm (US$) 303,450.30  184,294.00  0.61  68,601.35  967,145.40  
Diesel cost per farm (US$) 87,475.91  51,564.74  0.59  25,553.72  213,763.30  
Machine cost per farm (US$) 114,283.50  82,910.77  0.73  2,903.00  345,768.00  
Aggregate input cost per farm (US$) 1,470,304.00  849,503.00  0.58  415,121.60  3,934,055.00  
Gross revenue per farm (US$) 2,274,693.00  1,081,899.00  0.48  680,107.10  4,723,413.00  
Net return per farm (US$) 804,389.00  408,197.50  0.51  264,985.50  2,363,458.00  
Grain price per metric ton (US$) 474.31  53.27  0.11  387.28  586.11  
Grain yield per ha (mt/ha) 8.57  1.11  0.13  6.81  10.75  
Area planted (ha) 1,666.89  827.67  0.50  395.00  4,025.00  
Total grain production (mt) (mt) 8,901.45  4,490.38  0.50  2,443.29  22,899.23  
Observations: 27 
 	   	   	   	   	  
	    	   	   	   	   	  2011 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 262,854.40  141,490.40  0.54  61,638.35  631,823.40  
Labor cost per farm (US$) 134,197.30  86,715.74  0.65  22,673.75  390,496.00  
Fertilizer cost per farm (US$) 602,447.60  382,256.00  0.63  142,042.70  1,688,204.00  
Seed cost per farm (US$) 251,391.10  168,285.80  0.67  42,991.06  743,506.30  
Defensive cost per farm (US$) 341,131.10  188,239.40  0.55  84,064.57  931,626.00  
Diesel cost per farm (US$) 109,745.20  70,196.62  0.64  28,565.20  330,743.30  
Machine cost per farm (US$) 129,743.50  107,375.40  0.83  2,754.00  559,516.00  
Aggregate input cost per farm (US$) 1,831,510.00  1,027,821.00  0.56  436,164.20  4,713,587.00  
Gross revenue per farm (US$) 3,034,904.00  1,661,142.00  0.55  607,728.40  7,274,583.00  
Net return per farm (US$) 1,203,394.00  750,574.30  0.62  171,564.30  3,124,414.00  
Grain price per metric ton (US$) 541.84  70.35  0.13  410.09  695.97  
Grain yield per ha (mt/ha) 9.31  1.20  0.13  6.77  11.77  
Area planted (ha) 1,727.60  836.87  0.48  484.75  4,030.00  
Total grain production (mt) (mt) 11,106.42  6,133.25  0.55  2,625.87  29,634.43  
Observations: 29 
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2012 
      
Variable   Mean Std. Dev. 
Coeff.  
Var. Min Max 
Land cost per farm (US$) 335,533.60  170,119.90  0.51  76,539.37  769,318.80  
Labor cost per farm (US$) 96,102.01  53,578.61  0.56  9,963.00  211,799.00  
Fertilizer cost per farm (US$) 604,436.50  383,995.70  0.64  207,651.00  1,920,198.00  
Seed cost per farm (US$) 261,833.20  147,394.40  0.56  44,943.03  556,207.20  
Defensive cost per farm (US$) 406,852.50  210,791.00  0.52  88,904.90  955,417.70  
Diesel cost per farm (US$) 97,185.80  57,322.03  0.59  27,957.48  295,479.30  
Machine cost per farm (US$) 109,970.50  84,786.96  0.77  2,951.00  364,206.00  
Aggregate input cost per farm (US$) 1,911,914.00  984,108.00  0.51  490,181.80  4,188,755.00  
Gross revenue per farm (US$) 2,829,396.00  1,467,049.00  0.52  621,327.60  7,129,697.00  
Net return per farm (US$) 917,481.50  646,710.30  0.70  131,145.90  3,063,670.00  
Grain price per metric ton (US$) 496.63  40.24  0.08  419.55  595.14  
Grain yield per ha (mt/ha) 9.76  0.96  0.10  7.72  11.73  
Area planted (ha) 1,709.72  866.80  0.51  390.00  3,920.00  
Total grain production (mt) (mt) 11,768.70  5,580.97  0.47  2,651.10  25,776.52  
Observations: 25 
 	   	   	   	   	  Source: Reference Project and author’s calculations 
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Succession Crop Production - Average Quantities: 2007-2012 
  Average Quantity 
    2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Grain yield (mt/ha) 8.23 8.36 8.21 8.57 9.31 9.76 8.75 
Area planted (ha) 1,429.41 1,682.94 1,544.24 1,666.89 1,727.60 1,709.72 1,632.11 
Grain production per farm (mt) 7,587.62 8,632.20 8,401.58 8,901.45 11,106.42 11,768.70 9,452.69 
Price per mt (US$) 380.81 465.29 379.53 474.31 541.84 496.63 458.80 
Gross revenue per farm (US$) 1,569,070.00 2,282,380.00 1,770,665.00 2,274,693.00 3,034,904.00 2,829,396.00 2,316,163.00 
Source: Reference Project and author’s calculations 
 
 
Annual Succession Crop Nutrient Output: 2007-2012 
  Average Growth Rates 
    2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs - 22 21 23 22 25 113 
Grain yield (%) - 0.01 -0.02 0.02 0.07 0.02 0.02 
Area planted (%) - 0.10 0.02 -0.02 0.05 0.01 0.03 
Grain production per farm (%) - 0.04 0.05 -0.02 0.17 0.07 0.06 
Price per mt (%) - 0.19 -0.21 0.20 0.13 -0.09 0.05 
Gross revenue per farm (%) - 0.26 -0.19 0.18 0.24 -0.07 0.08 
Source: Reference Project and author’s calculations 
 
 
Average Inputs Usage in Succession Crop Production per Farm – Annual Quantities: 2007-2012  
  Average Quantity 
  Year 2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs 22 25 28 27 29 25 156 
Area planted (ha)   1,429.41    1,682.94    1,544.24    1,666.89    1,727.60    1,709.72       1,632.11  
No. of workers (person) 13.75 13.03 13.43 13.92 14.44 10.31 13.19 
Fertilizer (mt) 821.46 838.14 872.31 912.88 993.08 1044.45 916.72 
Seed (mt) 68.05 118.36 111.67 116.01 139.76 157.29 119.87 
Pesticide (liter) 7,285.42 11,790.29 10,215.98 12,262.91 14,074.95 16,817.70 12,184.61 
Diesel  (liter) 62,452.29 87,581.76 71,306.49 69,955.06 82,466.21 80,955.73 76,053.05 
Machine (machine) 29.41 44.40 40.33 40.78 37.72 37.88 38.64 
Source: Reference Project and author’s calculations 
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Average Inputs Usage in Succession Crop Production per Farm – Annual Growth Rates: 2007-2012  
  Average  Growth Rates 
  Year 2007 2008 2009 2010 2011 2012 2007-2012 
Variable Obs - 22 21 23 22 25 113 
Area planted (%) - 0.10 0.02 -0.02 0.05 0.01 0.03 
No. of workers (%) - -0.01 0.02 0.00 0.12 -0.33 -0.05 
Fertilizer (%) - -0.06 0.14 0.05 0.02 0.11 0.05 
Seed (%) - 0.06 0.05 -0.03 0.10 0.04 0.04 
Pesticide (%) - 0.40 -0.03 0.12 0.13 0.16 0.16 
Diesel  (%) - 0.15 -0.13 0.00 0.17 0.02 0.04 
Machine (%) - 0.41 0.04 0.03 0.06 0.04 0.11 
Source: Reference Project and author’s calculations 
 
 
Annual Succession Crop Inputs Prices – Average Quantities: 2007-2012 
 
  Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
 
 
Annual Succession Crop Inputs Prices – Average Growth Rates: 2007-2012 
  Average Annual Growth Rates 
     2007 2008 2009 2010 2011 2012 2007-2012 
 Variable Obs - 22 21 23 22 25 113 *Source:  
Grain (%) - 0.19 -0.21 0.20 0.13 -0.09 0.05 
 Land (%) - 0.31 -0.12 0.16 0.29 0.26 0.16 
 Annual labor wage* (%) - 0.35 -0.16 0.30 0.16 0.05 0.14 IBGE 
Fertilizer (%) - 0.49 0.05 -0.20 0.10 -0.03 0.08 
 Seed (%) - 0.35 0.01 0.17 0.09 0.09 0.12 
 Pesticide* (%) - 0.00 -0.08 -0.06 -0.02 0.00 -0.03 CONAB 
Diesel*  (%) - 0.12 -0.04 0.07 0.05 -0.10 0.02 ANP 
Machine* (%) - 0.07 -0.02 0.15 0.08 -0.12 0.03 FGV/IBRE 
  Source: Reference Project, IBGE, CONAB, ANP, and FGV/IBRE and author’s calculations. 
 
 
  Average Quantity During Year 
     2007 2008 2009 2010 2011 2012 2007-2012 
 Variable Obs 22 25 28 27 29 25 156 *Source:  
Grain (US$/mt) 380.81 465.29 379.53 474.31 541.84 496.63 484.59 
 Land (US$/ha) 83.34 109.05 96.26 110.73 150.59 196.25 124.37 
 Annual labor wage* (US$/person) 4,969.84 7,078.34 6,043.27 8,181.75 9,558.11 10,055.38 7,724.25 IBGE 
Fertilizer (US$/mt) 786.36 1,304.60 1,381.51 1,113.19 1,299.55 1,215.77 1,197.02 
 Seed (US$/mt) 2,593.43 3,602.45 3,580.24 4,139.70 4,865.56 4,991.20 4,006.52 
 Pesticide* (US$/liter) 28.69 28.86 26.38 24.86 24.40 24.30 52.29 CONAB 
Diesel*  (US$/liter) 1.08 1.22 1.17 1.25 1.32 1.20 72.19 ANP 
Machine* (US$/tractor/ha) 58.47 63.00 61.48 71.50 77.50 68.46 67.13 FGV/IBRE 
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Succession Crop Decomposed Output and Input Factor Productivity Average Growth Rates: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Output growth (%) 0.11 0.32 -0.70 0.95 
Land factor productivity (%) 0.02 0.14 -0.38 0.41 
Labor factor productivity (%) 0.13 0.39 -1.17 1.24 
Fertilizer factor productivity (%) 0.03 0.41 -1.25 1.55 
Seed factor productivity (%) 0.04 0.26 -0.55 0.64 
Pesticide factor productivity (%) -0.07 0.33 -1.07 1.04 
Diesel factor productivity (%) 0.04 0.27 -0.74 0.59 
Machine factor productivity (%) -0.03 0.29 -0.71 0.61 
Land/worker (%) 0.08 0.36 -0.72 1.24 
Observations: 113      
*Decomposed output growth adding one more unit (ha) of land and using all other inputs more intensively  
 Source: Reference Project and author’s calculations 
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Number of Succession Crop Farm Observations by Year: 2007-2012 
Farm ID 2007 2008 2009 2010 2011 2012 Total TFP  
17 0 0 1 1 0 0 2 46% 
38 0 0 1 1 0 0 2 45% 
15 1 1 0 0 0 0 2 26% 
20 1 1 0 0 0 0 2 16% 
27 0 0 1 1 0 0 2 16% 
1 0 0 1 1 0 0 2 15% 
12 1 1 1 1 1 0 5 8% 
30 1 1 1 1 1 0 5 8% 
6 1 1 1 1 1 1 6 7% 
23 1 1 1 1 1 1 6 7% 
9 1 1 1 1 1 1 6 6% 
10 1 1 1 1 1 1 6 6% 
11 1 1 1 1 1 1 6 6% 
40 0 0 0 0 1 1 2 5% 
8 0 0 1 1 1 1 4 5% 
32 1 1 1 1 1 1 6 4% 
13 1 1 1 1 1 1 6 4% 
33 0 0 1 1 1 0 3 3% 
2 0 0 0 1 1 1 3 2% 
24 0 0 0 1 1 1 3 2% 
5 1 1 1 1 1 1 6 1% 
7 0 0 0 1 1 1 3 1% 
19 1 1 1 1 1 1 6 1% 
37 0 0 1 1 1 1 4 0% 
26 1 1 1 1 1 1 6 0% 
16 1 1 1 0 0 0 3 -2% 
34 1 1 1 0 0 0 3 -3% 
14 1 1 1 1 1 1 6 -3% 
3 0 0 0 1 1 1 3 -5% 
29 0 1 1 1 1 0 4 -5% 
43 0 0 0 0 1 1 2 -6% 
21 0 1 1 1 1 1 5 -7% 
22 0 1 1 1 0 0 3 -7% 
4 1 1 1 0 0 0 3 -8% 
31 1 1 0 0 0 0 2 -9% 
18 1 1 0 0 0 0 2 -12% 
25 1 1 1 0 0 0 3 -18% 
35 0 0 0 0 1 1 2 -18% 
39 0 0 0 0 1 1 2 -19% 
42 0 0 0 0 1 1 2 -19% 
41 0 0 0 0 1 1 2 -22% 
36 0 0 0 0 1 1 2 -28% 
28 1 1 1 0 0 0 3 -33% 
Total 22 25 28 27 29 25 156   
Source: Reference Project and author’s calculations 
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Appendix D  
Annual Summary Statistics for Farm 17 
Farm 17 - Succession Crop Production TFP Average: 2009 - 2010 
Variable   Mean Std. Dev. Min Max 
Output annual growth (%) 0.50 . 0.50 0.50 
Aggregate inputs annual growth (%) 0.04 . 0.04 0.04 
TFP growth (%) 0.46 . 0.46 0.46 
Observations: 1 
Source: Reference Project and author’s calculations  
 
 
Farm 17 - Succession Crop Production Average Input Costs per Hectare: 2009 – 2010 
Variable   Mean Std. Dev. Min Max 
Land cost (US$/ha) 100.21 18.80 86.91 113.50 
Labor cost (US$/ha) 72.56 33.80 48.66 96.46 
Fertilizer cost (US$/ha) 445.83 16.41 434.22 457.43 
Seed cost (US$/ha) 158.82 19.16 145.27 172.36 
Pesticide cost (US$/ha) 169.03 28.15 149.12 188.93 
Diesel cost  (US$/ha) 50.00 16.43 38.38 61.62 
Machine cost  (US$/ha) 40.88 4.83 37.46 44.29 
Grain price  (US$/mt) 393.46 93.83 327.11 459.80 
Grain yield  (ha) 7.07 0.99 6.37 7.77 
Area planted (mt) 1,273.00 4.24 1,270.00 1,276.00 
Observations: 2 
       Reference Project and author’s calculations  
 
Farm 17 - Succession Crop Production Average Input Costs per Hectare Annual Growth Rates: 2009-2010 
Variable   Mean Std. Dev. Min Max 
Land cost (%) 0.27 . 0.27 0.27 
Labor cost (%) 0.68 . 0.68 0.68 
Fertilizer cost (%) -0.05 . -0.05 -0.05 
Seed cost (%) 0.17 . 0.17 0.17 
Pesticide cost (%) -0.24 . -0.24 -0.24 
Diesel cost (%) 0.47 . 0.47 0.47 
Machine cost (%) 0.17 . 0.17 0.17 
Observations: 1 
      Source: Reference Project and author’s calculations  
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Farm 17 - Succession Crop Production Average Input Usage per Hectare: 2009-2010 
Variable   Mean Std. Dev. Min Max 
Grain yield (mt/ha) 7.07 0.99 6.37 7.77 
Labor # of workers 0.71 0.01 0.70 0.72 
Fertilizer (mt) 0.09 0.00 0.09 0.09 
Seed (mt) 6.68 0.70 6.18 7.17 
Pesticide (liter) 40.95 10.71 33.37 48.52 
Diesel (liter) 0.01 0.00 0.01 0.01 
Machines (# of machines) 0.03 0.01 0.02 0.03 
Observations: 2 
      Source: Reference Project and author’s calculations  
 
Farm 17 - Succession Crop Production Average Input Usage per Hectare Annual Growth Rates: 2009-2010 
Variable   Mean Std. Dev. Min Max 
Grain yield (%) 0.27 . 0.27 0.27 
Labor (%) 0.68 . 0.68 0.68 
Fertilizer (%) -0.05 . -0.05 -0.05 
Seed (%) 0.17 . 0.17 0.17 
Pesticide (%) -0.24 . -0.24 -0.24 
Diesel (%) 0.47 . 0.47 0.47 
Machines (%) 0.17 . 0.17 0.17 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
Farm 17 - Succession Crop Production Average Input Usage per Farm: 2009-2010 
Variable   Mean Std. Dev. Min Max 
Area planted (ha) 1,273.00 4.24 1,270.00 1,276.00 
Percent shared of total farm land (%) 0.77 0.03 0.75 0.79 
Grain production (mt) 7,953.16 963.59 7,271.80 8,634.52 
Labor # of workers 12.15 3.62 9.59 14.71 
Fertilizer (mt) 823.96 7.30 818.80 829.12 
Seed (mt) 102.77 1.03 102.04 103.50 
Pesticide (liter) 8,011.24 566.76 7,610.48 8,412.00 
Diesel (liter) 47,435.46 10,842.01 39,769.00 55,101.92 
Machines (# of machines) 27.00 1.41 26.00 28.00 
Observations: 2 
      Source: Reference Project and author’s calculations  
 
 
Farm 17 - Succession Crop Production Average Input Usage per Farm Annual Growth Rates: 2009-2010 
Variable   Mean Std. Dev. Min Max 
Area planted (%) 0.00 . 0.00 0.00 
Labor (%) 0.43 . 0.43 0.43 
Fertilizer (%) 0.01 . 0.01 0.01 
Seed  (%) -0.01 . -0.01 -0.01 
Pesticide  (%) -0.10 . -0.10 -0.10 
Diesel (%) 0.33 . 0.33 0.33 
Machine (%) 0.07 . 0.07 0.07 
Observations: 1 
      Source: Reference Project and author’s calculations  
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Farm 17 - Succession Crop Production Average Costs and Returns per Farm: 2009-2010 
Variable   Mean Std. Dev. Min Max 
Land cost (US$/farm) 127,600.90 24,360.04 110,375.70 144,826.00 
Labor cost (US$/farm) 89,178.50 44,097.30 57,997.00 120,360.00 
Fertilizer cost (US$/farm) 508,144.10 8,927.78 501,831.20 514,457.00 
Seed cost (US$/farm) 169,394.60 18,615.37 156,231.50 182,557.70 
Pesticide cost (US$/farm) 202,648.50 26,880.90 183,640.90 221,656.20 
Diesel cost  (US$/farm) 57,856.89 17,143.86 45,734.35 69,979.44 
Machine cost  (US$/farm) 48,475.00 5,409.37 44,650.00 52,300.00 
Aggregate input cost  (US$/farm) 1,203,299.00 73,817.35 1,151,102.00 1,255,495.00 
Gross revenue  (US$/farm) 1,673,639.00 578,334.70 1,264,695.00 2,082,584.00 
Net return  (US$/farm) 470,340.90 504,517.30 113,593.30 827,088.50 
Grain price  (US$/mt) 393.46 93.83 327.11 459.80 
Grain yield  (mt/ha) 7.07 0.99 6.37 7.77 
Area planted (ha) 1,273.00 4.24 1,270.00 1,276.00 
Total grain production (mt) 7,953.16 963.59 7,271.80 8,634.52 
Observations: 2 
      Source: Reference Project and author’s calculations  
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Appendix E  
Annual Summary Statistics for Farm 28 
Farm 28 - Succession Crop Production TFP Average 2007 – 2009 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) -0.04 0.36 -0.29 0.22 
Aggregate inputs annual growth (%) 0.29 0.10 0.22 0.36 
TFP growth (%) -0.33 0.46 -0.65 0.00 
Observations: 2 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production TFP Average 2007 – 2008 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) 0.22 . 0.22 0.22 
Aggregate inputs annual growth (%) 0.22 . 0.22 0.22 
TFP growth (%) 0.00 . 0.00 0.00 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production TFP Average 2008 - 2009 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) -0.29 . -0.29 -0.29 
Aggregate inputs annual growth (%) 0.36 . 0.36 0.36 
TFP growth (%) -0.65 . -0.65 -0.65 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production Average Input Costs per Hectare: 2007 – 2009 
Variable   Mean Std. Dev. Min Max 
Land cost (US$/ha) 88.82 15.97 73.90 105.66 
Labor cost (US$/ha) 51.69 14.48 35.28 62.67 
Fertilizer cost (US$/ha) 553.35 291.81 221.83 771.33 
Seed cost (US$/ha) 152.92 8.96 146.14 163.07 
Pesticide cost (US$/ha) 240.82 174.94 99.84 436.60 
Diesel cost  (US$/ha) 74.52 29.90 42.29 101.37 
Machine cost  (US$/ha) 78.17 13.67 65.73 92.81 
Grain price  (US$/mt) 367.94 79.63 302.86 456.73 
Grain yield  (ha) 7.72 0.69 6.98 8.35 
Area planted (mt) 1,180.00 20.00 1,160.00 1,200.00 
Observations: 3 
      Source: Reference Project and author’s calculations  
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Farm 28 - Succession Crop Production Average Input Costs per Hectare Annual Growth Rates: 2007-2009 
Variable   Mean Std. Dev. Min Max 
Land cost (%) 0.08 0.40 -0.20 0.36 
Labor cost (%) 0.24 0.47 -0.09 0.57 
Fertilizer cost (%) 0.63 0.67 0.15 1.10 
Seed cost (%) -0.05 0.09 -0.11 0.02 
Pesticide cost (%) 0.32 1.65 -0.85 1.48 
Diesel cost (%) -0.32 0.78 -0.87 0.24 
Machine cost (%) 0.07 0.38 -0.20 0.34 
Observations: 2 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production Average Input Usage per Hectare: 2007-2009 
Variable   Mean Std. Dev. Min Max 
Grain yield (mt/ha) 7.72 0.69 6.98 8.35 
Labor # of workers 0.95 0.52 0.65 1.55 
Fertilizer (mt) 0.09 0.00 0.09 0.09 
Seed (mt) 8.43 5.76 3.48 14.76 
Pesticide (liter) 64.16 24.04 36.77 81.75 
Diesel (liter) 0.01 0.00 0.01 0.01 
Machines (# of machines) 0.04 0.01 0.04 0.05 
Observations: 3 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production Average Input Usage Hectare Annual Growth Rates: 2007-2009 
Variable   Mean Std. Dev. Min Max 
Grain yield (%) 0.06 0.18 -0.07 0.18 
Labor (%) 0.00 0.00 0.00 0.00 
Fertilizer (%) 0.43 0.63 -0.02 0.87 
Seed (%) 0.00 0.00 0.00 0.00 
Pesticide (%) 0.35 1.54 -0.74 1.44 
Diesel (%) -0.35 0.64 -0.80 0.10 
Machines (%) 0.00 0.31 -0.22 0.22 
Observations: 2 
      Source: Reference Project and author’s calculations  
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Farm 28 - Succession Crop Production Average Input Usage per Farm: 2007-2009 
Variable   Mean Std. Dev. Min Max 
Area planted (ha) 1,180.00 20.00 1,160.00 1,200.00 
Percent shared of total farm land (%) 0.54 0.13 0.39 0.64 
Grain production (mt) 6,480.53 657.50 5,852.00 7,163.60 
Labor # of workers 8.34 1.12 7.56 9.62 
Fertilizer (mt) 1,005.30 594.36 647.50 1,691.40 
Seed (mt) 84.33 7.23 76.00 89.00 
Pesticide (liter) 7,670.57 4,686.41 3,511.00 12,748.00 
Diesel (liter) 61,508.00 20,917.40 37,394.40 74,764.00 
Machines (# of machines) 40.40 4.42 35.30 43.00 
Observations: 3 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production Average Input Usage per Farm Annual Growth Rates: 2007-2009 
Variable   Mean Std. Dev. Min Max 
Area planted (%) -0.01 0.04 -0.03 0.02 
Labor (%) 0.12 0.11 0.04 0.20 
Fertilizer (%) 0.46 0.71 -0.04 0.96 
Seed  (%) 0.01 0.22 -0.15 0.16 
Pesticide  (%) 0.33 1.36 -0.64 1.29 
Diesel (%) -0.35 0.45 -0.66 -0.03 
Machine (%) 0.10 0.13 0.00 0.19 
Observations: 2 
      Source: Reference Project and author’s calculations  
 
Farm 28 - Succession Crop Production Average Costs and Returns per Farm: 2007 – 2009 
Variable   Mean Std. Dev. Min Max 
Land cost (US$/farm) 104,599.80 17,035.20 88,680.00 122,565.60 
Labor cost (US$/farm) 50,395.67 11,150.91 37,609.00 58,100.00 
Fertilizer cost (US$/farm) 558,738.10 298,488.60 221,872.00 790,308.70 
Seed cost (US$/farm) 138,391.40 24,127.69 112,402.80 160,080.00 
Pesticide cost (US$/farm) 218,583.40 142,591.60 100,730.60 377,085.80 
Diesel cost  (US$/farm) 71,160.67 24,795.45 43,003.56 89,733.34 
Machine cost  (US$/farm) 75,285.67 8,045.35 66,436.00 82,158.00 
Aggregate input cost  (US$/farm) 1,217,155.00 403,120.20 756,152.80 1,503,457.00 
Gross revenue  (US$/farm) 1,231,104.00 191,114.00 1,082,309.00 1,446,638.00 
Net return  (US$/farm) 13,948.88 364,073.70 -309,545.30 408,211.10 
Grain price  (US$/mt) 367.94 79.63 302.86 456.73 
Grain yield  (mt/ha) 7.72 0.69 6.98 8.35 
Area planted (ha) 1,180.00 20.00 1,160.00 1,200.00 
Total grain production (mt) 6,480.53 657.50 5,852.00 7,163.60 
Observations: 3 
      Source: Reference Project and author’s calculations  
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Appendix F  
Annual Summary Statistics for Farm 23 
Farm 23 - Succession Crop Production TFP Average: 2007 – 2012 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) 0.11 0.20 -0.12 0.40 
Aggregate inputs annual growth (%) 0.04 0.04 0.00 0.08 
TFP growth (%) 0.07 0.20 -0.12 0.34 
Observations: 5 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production TFP Average: 2007 - 2008 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) 0.03 . 0.03 0.03 
Aggregate inputs annual growth (%) 0.08 . 0.08 0.08 
TFP growth (%) -0.05 . -0.05 -0.05 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production TFP Average: 2008 - 2009 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) 0.03 . 0.03 0.03 
Aggregate inputs annual growth (%) 0.06 . 0.06 0.06 
TFP growth (%) -0.03 . -0.03 -0.03 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production TFP Average: 2009 - 2010 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) 0.21 . 0.21 0.21 
Aggregate inputs annual growth (%) 0.00 . 0.00 0.00 
TFP growth (%) 0.21 . 0.21 0.21 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production TFP Average: 2010 - 2011 
Variable Obs Mean 
Std. 
Dev. Min Max 
Output annual growth (%) 0.40 . 0.40 0.40 
Aggregate inputs annual growth (%) 0.06 . 0.06 0.06 
TFP growth (%) 0.34 . 0.34 0.34 
Observations: 1 
      Source: Reference Project and author’s calculations  
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Farm 23 - Succession Crop Production TFP Average: 2011 - 2012 
Variable Obs Mean Std. Dev. Min Max 
Output annual growth (%) -0.12 . -0.12 -0.12 
Aggregate inputs annual growth (%) 0.00 . 0.00 0.00 
TFP growth (%) -0.12 . -0.12 -0.12 
Observations: 1 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production Average Input Costs per Hectare: 2007 - 2012 
Variable   Mean Std. Dev. Min Max 
Land cost (US$/ha) 122.17 46.06 73.90 196.25 
Labor cost (US$/ha) 104.18 35.72 75.16 166.13 
Fertilizer cost (US$/ha) 528.41 272.54 292.79 1,033.30 
Seed cost (US$/ha) 189.45 56.16 101.83 244.91 
Pesticide cost (US$/ha) 195.46 36.25 139.15 245.62 
Diesel cost  (US$/ha) 74.01 23.78 56.97 121.32 
Machine cost  (US$/ha) 58.79 6.36 53.18 69.14 
Grain price  (US$/mt) 425.39 93.22 333.53 548.42 
Grain yield  (ha) 9.17 1.41 7.65 11.43 
Area planted (mt) 1,858.42 94.85 1,752.00 1,981.00 
Observations: 6 
      Source: Reference Project and author’s calculations  
 
Farm 23 - Succession Crop Production Average Input Costs per Hectare Annual Growth Rates: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Land cost (%) 0.19 0.23 -0.20 0.36 
Labor cost (%) 0.09 0.31 -0.29 0.50 
Fertilizer cost (%) 0.06 0.68 -1.00 0.78 
Seed cost (%) 0.18 0.14 0.02 0.36 
Pesticide cost (%) 0.11 0.12 -0.08 0.23 
Diesel cost (%) 0.01 0.45 -0.69 0.55 
Machine cost (%) 0.00 0.20 -0.25 0.24 
Observations: 5 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production Average Input Usage per Hectare: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Grain yield (mt/ha) 9.17 1.41 7.65 11.43 
Labor # of workers 0.70 0.06 0.66 0.81 
Fertilizer (mt) 0.09 0.00 0.09 0.09 
Seed (mt) 7.71 1.91 4.85 10.32 
Pesticide (liter) 61.25 14.50 50.91 89.87 
Diesel (liter) 0.02 0.01 0.01 0.02 
Machines (# of machines) 0.04 0.01 0.04 0.05 
Observations: 6 
      Source: Reference Project and author’s calculations  
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Farm 23 - Succession Crop Production Average Input Usage per Hectare Annual Growth Rates: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Grain yield (%) 0.04 0.21 -0.13 0.40 
Labor (%) -0.14 0.58 -0.69 0.69 
Fertilizer (%) 0.00 0.13 -0.15 0.20 
Seed (%) 0.00 0.00 0.00 0.00 
Pesticide (%) 0.15 0.10 0.01 0.27 
Diesel (%) -0.01 0.38 -0.57 0.49 
Machines (%) 0.04 0.18 -0.22 0.22 
Observations: 5 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production Average Input Usage per Farm: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Area planted (ha) 1,858.42 94.85 1,752.00 1,981.00 
Percent shared of total farm land (%) 0.40 0.11 0.28 0.55 
Grain production (mt) 10,358.76 1,150.02 8,761.60 11,971.00 
Labor # of workers 19.73 2.43 17.13 22.85 
Fertilizer (mt) 889.16 40.95 851.10 944.30 
Seed (mt) 122.20 4.66 117.10 129.43 
Pesticide (liter) 12,579.32 3,465.36 7,053.66 17,162.61 
Diesel (liter) 84,412.74 17,520.38 70,195.34 118,152.40 
Machines (# of machines) 56.03 1.48 53.70 57.80 
Observations: 6 
      Source: Reference Project and author’s calculations  
 
 
Farm 23 - Succession Crop Production Average Input Usage per Farm Annual Growth Rates: 2007-2012 
Variable   Mean Std. Dev. Min Max 
Area planted (%) 0.02 0.03 -0.02 0.06 
Labor (%) -0.04 0.20 -0.22 0.29 
Fertilizer (%) 0.02 0.07 -0.10 0.09 
Seed  (%) 0.00 0.07 -0.10 0.06 
Pesticide  (%) 0.18 0.17 -0.03 0.38 
Diesel (%) 0.01 0.33 -0.46 0.43 
Machine (%) 0.01 0.01 -0.01 0.02 
Observations: 5 
      Source: Reference Project and author’s calculations  
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Farm 23 - Succession Crop Production Average Costs and Returns per Farm: 2007 – 2012 
Variable   Mean Std. Dev. Min Max 
Land cost (US$/farm) 230,025.00 96,233.28 129,472.80 379,360.50 
Labor cost (US$/farm) 144,885.80 46,428.28 107,178.00 218,393.00 
Fertilizer cost (US$/farm) 617,372.70 293,858.90 389,921.90 1,168,563.00 
Seed cost (US$/farm) 197,376.70 51,834.44 108,480.10 249,497.00 
Pesticide cost (US$/farm) 318,557.00 70,265.45 202,369.50 408,470.10 
Diesel cost  (US$/farm) 101,894.50 29,550.38 75,810.97 159,505.70 
Machine cost  (US$/farm) 81,260.92 7,993.57 70,762.00 90,888.00 
Aggregate input cost  (US$/farm) 1,691,373.00 389,089.60 1,087,782.00 2,221,963.00 
Gross revenue  (US$/farm) 2,392,490.00 718,007.70 1,775,031.00 3,472,427.00 
Net return  (US$/farm) 701,117.90 695,865.00 -336,070.10 1,597,051.00 
Grain price  (US$/mt) 425.39 93.22 333.53 548.42 
Grain yield  (mt/ha) 9.17 1.41 7.65 11.43 
Area planted (ha) 1,858.42 94.85 1,752.00 1,981.00 
Total grain production (mt) 10,358.76 1,150.02 8,761.60 11,971.00 
Observations: 6 
      Source: Reference Project and author’s calculations  
 
 
